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Office of the Chief of Engineers, 

United States Army, 
^ Washington^ D. 0., July 1, ] 880. 

Sir : An interesting paper on hydraulic engineering entitled "Zweite 

Abhandlung iiberdie Wasserabnahme in den Quellen,Flussen and Stro- 

menbeigleichzeitigerSteigerungder Hochwasser in den Oulturlandern '' 

(Second treatise on the decrease of water in springs, creeks, and rivers, 

contemporaneously with an increase in height of floods in cultivated 

countries), by Sir Gustav Wex, imperial and royal ministerial counsellor 

and chief engineer of the improvement of the Danube at Vienna, has 

< recently been translated, at my request, by Bvt. Maj. Gen. G. Weitzel, 

United States Army. 

As this paper contains information of value to the oflScers of the 

Corps, I have the honor to recommend that it be printed, for the use of 

the Engineer Department, at the Government Printing Of&ce, and that 

500 copies be furnished on the usual requisition. 

Very respectfully, your obedient servant, 

H. G. WEIGHT, 

Chief of Engineers^ Brig. & Bvt Maj. Gen. 

Hon. Alexander Eamsey, 

Secretary of War. 

Approved : 

By order of the Secretary of War. 

H. T. CEOSBY, 

Chief Cleric. 
July 6, 1880. 



Vienna, October 12, 1879. 
General : I take the liberty of transmitting to you in the accom- 
panying package my second treatise, entitled " On the decrease of water 
in springs, rivers, and streams, simultaneous mtb. tVjkfe iTjL^-t^^^^^ <5?L*^<^<^^is^ 
in cnltivated countries,^^ because I am cou^rmeei^\kaA,«QLOa^^^^^^g^ 
bjrdranlie engineer will take a lively intexeat m \!^e> ^^%saXft ^OaictfSQ. ^ 



a hydraulic question^ which is of the highest iinxK)rtance to coming gen- 
erations and future condition of cultivated countries. 

At the same time you will please have the kindness to accept this 
copy as a mark of my most eminent esteem. 

Finally, I take the liberty of politely begging you to transmit for use 
the other copy of^my treatise which accompanies this to the esteemed 
societies of engineers which exist in your country, with the request that 
they may thoroughly examine my theory with regard to the decrease in 
water supply, and illustrate it more clearly by the publication of the 
hydraulic observations made on American rivers and streams. 

With the assurance of my highest esteem, I remain your devoted 

Sir GUSTAV WEX, 
Imperial and Royal Counsellor, 

Brig. Gen. A. A.^Humpheeys, 

Chief of UngineerSj Washington. 




In my first treatise beariustlie foregoing title, publialied in the papers 
of the Society of Austrian Eugiueers and Architects, 1873, after observ- 
ing gauges diiriug niauy years at nioe diffeifftit stations on the five 
main rivers of Central Europe, viz, the Danube, Rhine, Elba, Vistula, 
aud Oder, and also after many other observed results, I furnished the 
proofs that the discharge has diminished considerably during the latter 
decade, not only in the above-mentioned rivers themselves, but also in 
their tributary rivers, creeks, and springs. 

In that treatise I also thoroughly discussed the causes of this peculiar 
liydraulic phenomenon, and finally proposed measures aud pi-ecautions 
to prevent as far as possible the fuither spread of this calamity, so 
threatening to future generations. 

Since the publication of that treatise, this hydraulic qnestiou thus 
raised by me has been industriously studied in nearly all countries, 
partly by scientific institutes and partly by individual naturalists and 
experts, and their varioiLf opinions and views have been published. 

In by far the greater number T)f the opinions which have thus ap- 
peared some of these scientific institutions and authors have entirely, 
and others only partially, agreed with my views, conclusions, and the 
tiieory which I recommend, and, at the same time, have brought for- 
ward many new illustnitions and arguments to establish its correctness. 

But especially, as several engineers and hydraulic experts have 
e^ressed the opinion that my conclusions as to the decrease in the 
height of water in rivers are unreUable, and that the remaining proofs 
for the decrease in discbarge are not qiute unassailable, and, besides, 
because several of tliese experts have even advanced the new theory 
that the established decrease in the height of the water is not in conse- 
quenco of the decreased discharge, but rather due to changes in and 
particularly to the deepening of the river beds, I have during six years 
shunned neither labor nor expense in obtaining as many and reliable 
technical hydraulic measurements aud data as possible of different 
streams, so that I might clearly ascertain whether the views previously 
expressed by me or those of my opponents were more nearly correct. 

Now that I have in the course of these uuiutermpted and continued 
collections of data and studies, and even by the latest of these, arrived 
»t the fullest conviction that the theory advanced by me relative to the 
decrease in the discharge of springs, rivers, and streams hEis been nnfor- 
tonately proven true, I feel myself impelled to pnbUsh this second 
treatise, since I believe that an indisputably clear exposition of this 
Water question is not only of great imiiortance in technical hydraidics, 
hat also in its bearing upon questions in natural science aud history of 
culture, as I have already pointed out in more detail in my first treatise. 
But a genei-al knowledge of the decrease in discharge of sQria?,* '*»^ 
rivers and the resulting highly detrUnentaV cousenxvifc^w-* VOT'aQsiS»&" 
ealtir.ition of cotintries and tbeir mlia\nta.u\,a \a BJaaoValy^s:? ^.-p« 
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for then alone it can be hoped that the general governments, corpora' 
tiona, large landowners, and imlividual commuuities will take suitable 
precautions and meaanres to contine the calamity to such limits as are 
yet feasible. 

In CLajiter I of this treatise I shall present, very briefly, the oi>inion8 
given on the question by scientific institutes first, and theu those of the 
individual naturalists and experts who agree witii me ; and subsequently, 
in Chapter II, witt the latest data collected by me as a basis, will fur- 
nish the proof that the objections made by iny opponents, and the new 
theories established by tliem, are eitlier gruundlews or are based ujion 
incorrect premises, 



H^ioi 



OnAPTEK I. 



T!ie Iniiievial Aciidemy of Sciences in Viciiiiu, at my request, ap- 

liuted fi'oin its own members a commission of five experts to give a 
formal opinion upon ray treatise, which commission, after a thorough 
examination, in their rejjort dated April 23, 1874, declared themselves 
in general as agreeing with me in my proofe and conclusions, and only 
remarked that my conjectures that the rainfall in cultivated countries 
must now have equaUy decreased, as not sustained by the mett'oroJofr- 
ical observations made iu England, Scotland, and at Paris during a 
period of many years, and although it would be hasty to conclude from 
this that no such changes have taken place in the interior of the coutineat^ 
yet tlie measurements of rainfall at the continental stations (which, hoU- 
ever, do not reacli so far back) are not favorable to such an assumptioft, 

Tlie Imperial Academy of Sciences at its anuiversaiy meeting of May 
30, 1874, accepted the above-mentiooeil report of its commission, and 
resolved at the same time : 

{a) To call the attention of the Imperial and Royal government to the 
continued decrease of discharge in springs ami streams, as w"ell aa to the 
causes of the phenomenon, and at the same time to apjily to the highOT 
ministries, so that the measures and precautions ])roposed by Wex to 
prevent, as far as feasible, the further spread of this calamity may be 
thoroughly eonsitlered and caiTied iuto execution by the enactment of 
suitable laws. 

(fi) To send a copy of Wex's treatise to the scientific institutes of for- 
eign countries witli the request that they furnish the Imperial Academy 
with the results of observations extending thmugh a series of years of 
the gauges in their rivers, and to furnish this information arranged and 
plotted iu a mannei' similar to that adopted in liis treatise, 

(c) To express, also, to the Austrian Government the desire that sta- 
tions may be erected at suitable points on several rivers, not only to ob- 
serve the stages, but also to measure the discharge, in order to examine 
more closely the laws of dependence of the latter ou the former. 

For these resolutions, which were prepared by the Imperial Academy 
and carried into execution, I mnst before proceeding further return my 
sincere and grateful thanks to it, for thereby the scientific societies in 
other countries were incited to cause accurate observations and stndy 
of this important water question to be made. 

2 and 3, As a result of this the Imperial and lioyxl Academies of 
Sciences of St, Petersburg and Copenhagen appointed their own com- 
missions to examine my before-mentioned treatise, which in their reports 
oa this sahject, dated respectively January :i3, ISTU, and October 7, 
iSTSj declare themselves as generally agreeing with me iu my views and 



conclusions, but at the same time remark that a diminution in the rain- 
fall was not established for those localities by the meteorological ob- 
servations taken through a long series of years. The St. Petersburg 
commission added, however, to its opinion " that it might, nevertheless, 
be x)ossible that a difterence in distribution of the rainfall and of the 
evaporation from the surface of the earth might cause a decrease in the 
total amount of water in some and an increase of the same in other 
rivers." 

The same commission, referring to their observations on the results 
of clearing lands, also mentions that in the southern parts of Eussia, 
where notoriously one hundred and fifty or two hundred years ago there 
still existed large wooded tracts, at the present time bleak steppes have 
developed themselves, whose elevated portions are entirely destitute of 
water, and whose inhabitants are compelled, therefore, to settle on the 
banks of the meager and deficient rivulets in order not to perish from 
want of water. 

The same commission still further adds that on the Lower Volga and 
Dnieper the neighborhood is cleared, and that in consequence the river 
beds till with sand-bars, change, and become shallower, but that the 
floods rise higher than formerly. 

The commission of Copenhagen expresses in its reports the following 
noteworthy opinions : 

" Since in the later times our forests have not undergone any change, 
it is difficult to substantiate the gradual decrease of water in conse- 
quence of clearings, but we must nevertheless add that everything leads 
to the conclusion that at the time when Denmark was covered with large 
forests, the volume of water in our rivers must have been far greater 
than it is now, for there are many rivers in the country which exhibit 
traces of having had at one time a considerable discharge, but now 
have only a very small one or none at all. 

" That the change of woods into cultivated fields has caused a consid- 
erable decrease in the volume of water in Danish rivers, the commission 
can prove as an indisputable fact by the lakes near Copenhagen. 

** These lakes are situated in an extensive and flat country, tlie soil of 
which consists of clay overlying a stratum of chalk. This entire plain 
was once a forest, which has gradually partially disappeared, so that 
some of these lakes are now found in the open fields, and the others in 
the woods. 

»* The observations which were made have now established that those 
lakes which are situated in or near woods receive a much greater vol- 
ume of water than those of the same area which are situated in cleared 
country, and as the other circumstances are precisely the same on^ must 
conclude that the decrease in the volume of water in the latter is to be 
ascribed to the clearing of the woods." 

The Danish commission finally expressed its opinion *' That the de- 
struction of forests results in a considerable decrease in the discharge 
of rivers, and particularly in that of springs, and, furthermore, that the 
increased cultivation of fields, and also their artificial irrigation, cause 
a still greater decrease in the volume of water in springs and rivers." 

4. The Royal Boaixi of Canal Directors in Norway intrusted Lieut. 
Hans Xysom with the task of collecting the data desired by the Imperial 
Academy of Sciences of Vienna, who, in compliance therewith, in his 
report dated Maip 20, 1877, shows that at the two water-gauge stations^ 
at Nastangen and Sarpfos, on the GlomTvveii ^\\^^^^\>ar>x\v*3c^^ ^sk^ 
now not been affected by any improvemewt oi \\v^iT^N<e«^^i^^fe ^^'^^'^^^^ 
tions taken during thirty years conftrm t\\fe W^e^oT^ oi^Vc*^^^'^^'^^^^^ 



to decrease in the voluiue of water in rivers, as well as Ms opinion of 
the cauBes of tliis phenomenon. 

5. At my request the Society of Austrian Engineers and Architects 
also appointed a committee of experts to give an opinion on my treatise, 
which, in its report on tliis subject, made April 17, 1875, expressed the 
foDowmg opinions, viz : 

(a) The committee recognizes the vast importance of the qnestion 
raised by Mr. Wex, Imt, at the same time, the dilliculties of a reliable 
reply thereto fioin the observations and data which so far Lave beea 
laid before it. 

(h) In the opinion of the committee it cannot safely be concluded tltat 
because there is a decrease in the mean stage there is a decrease in the 
discharge of a river, because if there should be a change iu the crosa- 
sectiou of discharge, or iu the slope of the river, the gauges are no lougcr 
reliable, aud that it is, therefore, absolutely necessary that accurate and 
regular hydraulic measurements be taken at a number of constant cross- 
sections on the main river and its tributaries. 

{c) Although the accurate measure of decrease in volume of water, 
expressed in figures, cannot be determined from the data furnished by 
Court Counselor Wex, yet they i>oint to the fact that in the rivers men- 
tioned there has been a decrease in the volume of water. 

(d) The data furnished in the treatise show clearly the fact, of so 
much greater importance to the engineer, that the regimeu of the rivers 
mentioued has lately undergone a considerable change. 

(e) The causes mentioned by Wex of the hydrauUc changes under dis- 
cuBsion were partly combated and partly doubted in several respects, 
and particularly the assertion that in cultivated countries the rainfall 
has diminished by reason of the clearings ; but it was admitted that the 
clearings had exercised a very injurious influence ou the regimeu of 
rivers. 

The Society of Austrian Eugineers and Architects adopted the above 
resolutions of its committee of experts at its business meeting on April 
17, 1875, and authorized its executive committee to submit the amended 
conclusions of the Court Counselor, Wex, to the Imperial Royal Austrian 
Government, with the request for their execution, iu order to limit the 
threatening calamity as much as possible. 

6. At the International Cougress of Agriculturists and Foresters at 
Vienna, iu September, 1873, the royal Prussian inspector of forests, Dr. 
A. Bernliardt, related, and then the royal Italian senator, Louis Torelll, 
of Eoiiie, submitted, very interesting data concerning the results of 
clearings in Europe, aud proved thereby that many springs fail ; that 
the discharge of creeks and rivers at a normal stage decreases more and 
more; and that on the other hand floods now occur oftener and rise 
to a greater height. 

7. Mr. Torelli, particularly iu his work* jtublished May Itt, 1873, fur- 
nishes data worthy of notice, gathered from the copious hydraulic obser- 
vations and notes taken in Italy, showing the iujui'ious eflfects of clear- 
ings in that country, and gives the following opinion, based upon abun- 
dant examples and experiences, viz : 

"However great may be the evils and disadvantages of the more fre- 
quently and higher rising floods of the present time, they are not gieater 
than those which result from tlie progressive tiiiling of springs and 
decrease of volume of water in creeks and rivers." 

• "Delle fflinsppriiicipivli deile jiieue (iei Fiunii e di itkmii provvediuionti," jjer dirniii- 
airla di I,uigi Torelli, Senator del KBtftici. (The vri»«il>itl oausaa of higli waters and 
«oute jaeasarea for flimiuisbiug tiiem, fiy Louis Torelli, tu-tiiitjit otUiBTi.raaiom.'i 
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^■■K Torelli fiirtliec cites the following observatious aud measiii-eiueuts 
WlEe distinguished expert, Paleocapa, \iz : 

The volmrie of water at the lowest stage of the river Sele has decreased 
33 per cent, diiriug the last 150 years ; that of the river Brenta, at Baa- 
sano, 7 per cent., between 1CS4 and 1877 ; aud finally that of the river 
Adda, where it flows out of Late Conio, 13 per cent, between 1843 and , 
1863 ; and this decrease still continues, and therefore creates apprehen- 
sion. 

8. In consequence of the destructive inundation of the river Po, ii 
1S72, the lioyal Italian Government oiganized a cummission consisting 
of seven experts, whose dnty it was to make a minute hydraulic survey 
of its whole I'alley, and, after a thorough study thereof, to recommend 
such measures as would be suitable to prevent similar occurrences. 

In the repdi't made in December, 1876, by Mr, Hasilari, vice-president 
of the supreme board of public works, the commission expressed the 
following opinion, viz : 

The floods of the river Po have constantly increased in height, espe- 
ciaUy during the present eentnry, in consequence of which it became 
necessary to raise and strengthen the greater portion of its levees. 
This method of relief was considered by the commission not only as in- 1 
adequate, but as really increasing the danger, for which reason it was 
led to consider means by which the height of these floods conld be di- 
minished, or, at least, the increase stopped. Uonsequently it examined 
into the condition of the forests in the valley of tlie Po. It laid great 
weight on the ena<;tment of suitable laws against destruction of forests ; 
recommended next the construction of large reservoirs for the storage 
of a portion of the floods, which might subsequently be used for irriga- 
tion; further proposed the construction of suitable works for improving 
the mouths of its tributaries ; and finally recommended several cut-oifa, 
in oi-der to diminish the length of the stream. 

The preceding opinion and the proposed measures therefore fully coin- 
cide with the views expressed in my treatise of April, 1873- 

9. Professor Dr. Ebermayer, in his admirable work entitled " Physika- 
liache Einwirkungen des Waldes auf I-uft nnd Eoden und seine klimat- 
Ologische und hygienische Bedentung begriindet (lurch die Iteobacht- 
inigen der forstlichmeteorologiechen stationen in Kiinigreich, Bayem, 
Ascbafl'enburg, 1873,"* has furnished convincing proof of the following 
statements, based upon minute scientific experiments and observutiona 
daring many years, viz : 

(a) The forest influences the amount of rainfall by increasing the 
relative humidity of the atmosphere and bringing it nejirer the point of 
wmplete saturation, so that when the temptratui'e is lowered a partial sep- 
aration of the water takes place more easily and in greater cjuantity 
than in clearings. This influence is more marked in jiroportiou to the 
height of the forest above the level of the sea. 

(ft) The forest diminishes the evaporation of the surface water in a 
much greater degree than an open field. In tho^e whose giounds are 
kept clean it amounts to 62 per cent, aud in the others to 68 per cent. 

(o) In the interior of the continent, where the humidity of the atmos- 
ji&ere and annual rainfall decrease and the degrees of sumuier heat 
U)«>ea86, the forest has a greater influence on the rainfall than in the 
Doast regions. Ireland aud Great Biitaiu can dispense with their forests 
lOtore easily, as far as rainfall is concerned, than Germany or Kussia. 

•The phy8i(»l nffoot of the forKst on tho iittuosiiiiete, a,u(\ wiv\, b.«A \.\a c\v»a.'«s\s«&' 
nuHty^mvio impiirtonce, Jjasnil upon obsoi'vatwitw mat\u a\i \\wi SatoaVcifi msXesM* 
Mltlgtioua in th.i Kingiiom of Brtvaria. AaclialfenXiavg, Vil"*. 
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(d) Large clearings iu level countries liave material influence, it is 
true, but in hilly regions there will be, on an average, less rainfall than 
before, and especially in the warmer half of the year. 

Ev^en if it were assumed that, after clearing forests, under all circum- 
stances, the rainfall would be the same as before, the enormous influ- 
ence of the forest, and its ground covered with leaves and brush upon 
the evaporation of its surface water, in consequence of which, cou^pared 
to the surrounding country, it must be considered a great reservoir, 
would sutticiently explain the well-known failing of springs and its influ- 
ence in diminishing the medium stages of the rivers. 

(e) Tliere is another tixed relation between the stage of water in 
rivers and the forest caused by the fact that in wooded localities the 
snow lies three or four weeks longer and melts less rapidly than in clear- 
ings. In an open country the rise in rivers occurs more rapidly after 
the melting of the snow; the latter runs otf more rapidly, less soaks into 
the ground, and the springs are therefore fed less than in wooded coun- 
tries. 

(/) Extensive clearings are more injurious in hilly than in level 
countries. They ])roduce in a short time destructive torrents, dry 
periods, tlien short but destructive inundations, formation of sand bars 
in rivers, want of perennial springs and creeks, and great variations in 
the stage of the rivers. These most certainly occur and characterize 
such regions in which the hills have been cleared. 

Mr. Ebermayer says, finally, viz : 

(g) " If we combine the different effects of the forests, there can be no 
doubt but that their disappearance must considerably diminish the 
volume of water in a country, even if after the clearing there is as much 
rainfall as before." 

" The preceding statements show how closely the wealth of forests and 
water in a country are bound together ; a circumstance which is partic- 
ularly due to the i)owerful influence which the forest and its ground 
covered with leaves and brush has upon the evaporation of the moisture 
in the ground. It is, then, not to be wondered at that springs and 
creeks dry up or flow only periodically ; that the mean stage of rivers 
and creeks diminishes in height when large clearings are made in a 
country, and that on the other hand springs flow more copiously and 
regularly when new trees are planted and forests are increased in extent.'' 

10 and 11. The imperial chief forester, Edward Ney, of La Brogue, in 
Alsace, in a paper published in January, 1875, entitled " Ueber den Ein- 
fluss des Waldes auf die Bewohnbarkeit der Lander,"* and Dr. Jacob 
von Bebberer, in his paper published iu 1877, entitled " Die Eegenver- 
hiiltnisse Deutschlands," t both written after observations made during 
a long series of years, on the great influence of the permanence of forests 
on the hydraulic condition of countries, have expressed precisely the 
same opinions as Professor Ebermayer. 

As an illustration of the fact that the clearing of hilly countries fre- 
quently results in the complete falling of springs, Mr. Ney mentions 
that in the Provence, after all the olive-trees, which there formed regular 
forests, had been frozen in 1822 and cut down, a great number of springs 
failed totally, and that besides, in the city of Orleans, after the surround- 
ing heights had been thus cleared, nearly all the wells dried up, and it 
became necessarv to conduct the headwaters of the river Little Loire 
into the city. 

Mr. Key furnishes the following examples to prove that during the 

* '^Concerning the intiuence of the ton at on the habitableness of countries." 
/ ^'TIio circumstancea relating to raiu iu Germany." 



historical period many rivers ouce rich in wiiter supply have becomo 
mucli poorer tbereiii, notwitlistauding their more frequent Hoods in con- 
sequence of the destruction of the forests, viz : 

At the time of the Roman rule in France, the river Duranee. south of 
Avignon, and the Seine were navigable rivers and richly supplied with 
TFaler, so mnch so that the navigators of the Durance formed an in- 
fluential corporation, and Emperor Julian, who resided in Paris during 
a period of six years, particnlarly extols the constant even atase of the 
8eine. At present, since the regions of the headwaters of these two 
rivers have been cleared, the Durance can hardly float a skiff in summer, 
andtJie Seine, in which the ditt'erence between the high and low water 
stage is uow 32 feet 10 inches, was only made navigable again by the 
KniBtructioii of numerous wing-dams, 

VI. The director of the royal boanl of foresters of Hanov^er, Dr. Rnrck- 
biinlr, in a letter addressed to me on March l>, XS7d, says the views ex- 
|iics,st'd hy Die iu my treatise were expressed in words which were as if 
taktn lioui his own soul, and that he had also, in the course of liia ob- 
aetVEitions extending through a period of twenty-flve years, seen the 
rad results couflrmed that iu consequence of the clearings made in Korth 
Genuany there resulted the disappearance of many lakes and ponds, 
draiaiug of marshes, failing of many springs and creeks, and the lower- 
ing of the surface water, whereby the cultivation and productiveness of 
Uie remaining fields suffered sadly. 

13. Prof. Alexander Bettochi, inspector of the Royal Cmps of Civil 
Engineers at Rome, in his memoir submitted to tlir Hoy;!) A<'ademy, 
"del Lincei," in June, 1S7C, which was subse(|iu'iit!y puliti.slii-d as a 
paper, acknowledges that my theory relative to tlit.' iliniimiiiun of water 
in Springs and rivers contemporaneously with tlie iTRTvasc in lieight of 
floods agi'eed with ob8er\'ed results, and still further substautiatud it by 
plutteil observations made on the Theiss at Bzegedin. 

14. Mr. Frederick SjTuong, imperial and royal professor of geogi-aphy 
at the University of Vienna, honorably known by his researches anil 
Surveys iu the Alpine regions, in his lecture entitled "Sclmtz dem 
Walde,"* given February 21, 1877, before the Society for the Diffusion 
of Knowledge of Natural Sciences, at Vienna, acknowledgetl my theory 
U being coiTCct, and at the same time proved conclusively that iu con- 
«eqnence of the destruction of the forests in mountainous regions the 
lainfall dimiiushes at those points, vegetation on the mountain sides is 
Constantly receding, the soil is washed olf, after which the mountains 
gradually become perfectly barren. A further result of this is a decrease 
(rf water in the lower strata, in springs, creeks, and rivers, which in turn 
«e eucceetled by tlie drying np of the valleys, and the gradual devasta- 
lioB of cid tivated fields, thus proving the tnith of the saying of a great 
Batoralist, " Man strides over the earth and a desert follows liim." 

15. Dr. F. W, Dnrikelberg, director of the Hoy al Agricultural Academy 
M Popel8<lorf, in his work entitled "Die Schiffarths-CauJile in ihrer 
Bedentung fiir die Landes Melioration " t (Bonn, 1877), concurs with 
me iu loy tJieory relative to the decrease of water in springs and rivers, 
it iK'iug rlir result of his own observations and experience. 

16 and 17. Further along during my discussion of the observed results 
on the Elbe, I will give the concurring views of Mr. M. W, Schmidt, of 
Dresden, royal diret;tor of hydraulic works, and of Mr. STaass, of Magde- 
;, a member of the royal board of public works. 

tteet tlie forest. 

a iinporlaijcii ot' iiaviffable clinni\tl8 in tlie 'iTQ\it<i\?,VLWiA o^ tov.nVtw*- 
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IS, Mr. Robert Laiiterburg, llie Swiss engineer and hydraulic expert, 
wUo occupies a gi'eat deal of his tiino in collecting exact data aud iii 
oompariug tlie i-elatli'e discharge of the rivers of Switzerland, in his 
paper entitled "Feber deu Einfluas derWalder auf die Quelleu und 
Stromverliiiltnisse der ScUweiz"* (published by Schulze at Basic, 1377), 
announces the following very reliable results of his surveys, %iz : 

In the Molasse formation within an aiea of .30 of a square mile the 
relative discharge of springs was accurately measured, and it was found 
that those iu wooded portions discharged from five to ten times the 
amount nf those iu the clearings. 

Now, as it is universally known that during those periods in which for 
weeks there is no rain the creeks and rivers are almost exclusively fed 
&om the S2>rings, titration, and surface water, and also known tlut 
since the introduction of railroads and telegraphs in Burope, as well as 
the general and extraoidinary inci-ease in all kinds of manufactures and 
trade, such a colossal consumption of building and fire wood has taken 
place that in Europe several million hectarest of forest which formerly 
existed, and particularly ill hilly regions, have been cut down and de- 
stroyed, it can be concluded in advance, troui the result of these obser- 
vations in Switzerland, and without giving the gauge readings on livers 
and streams the least consideration, that during the last forty years tlie 
discharge of springs, creeks, and rivers, during low and medium stages, 
must certainly have decreased. 

Now, I will take the liberty of showing that not onlj' in Europe, but 
in the cultivated portions of other parts of the world, the discharge of 
their rivers and streams has also decreased during the last decade. 

19. In a report maile to the House of Representatives on March 11, 
187i, the Commissioner of Public Lands of the Cuited States of America 
expressed his ttjar that the continued destruction of the forests would 
seriously injure the public interests. At the request of the CoramiB- 
sionerto submitthisimportautquestion to thorough experts, thoAmcri- 
can Academy of Sciences charged a committee composed of several of 
its members with the task. A^er the committee had collected accurate 
data and given the subject mature delibeiation it made an extensive re- 
port, full of statistical information, from which I will quote only the 
following chief points. 

The committee iu this report recounts the bearing and importance of 
forest culture not only for timber, but also as a means of improving the 
general weltare, as the climatic conditions depend upon the existence 
of forests and deteriorate with the destruction of the latter. 

The evident results of the destruction of forests are " the failing of 
springs, drj-ing up of creeks, decrease in volume of water in the rivers, 
canals, and stieams, and the increasing difference between high and 
low water stages in the latter." The fact that the volume of water in 
rivers and streams decreases in proportion to the destruction of the for- 
ests will not escape any careful observer, and Araerici is threatened 
with the danger that changes will take place in the permanence of its 
largest rivers even, fraught with the most serious results, unless suitable 
measures are adopted in proper time. 

The committee finally enumerated and recommended measures and 
precautions most suitable to stop this threatening calamity, which are 
nearly the same as those which I proposed in my first treatise of 1873, 

Congress, appreciating these suggestions, passed an act dated August 
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15, 1876, appropriating $60,000 for the purchase of seeds and plants and 
generally for the improvement and promotion of forest culture; and a 
further sum of $2,000 as a prize to an expert in the investigation of the 
question of forest and tree culture and the means which best commend 
themselves for the preservation, improvement, and planting of forests 
in l^orth America.* 

20. The above prize was won by Dr. Franklin B. Hough, through his 
scientific workt on this subject, in which he points out in great detail 
the influence of forests on the even and seasonable rainfall, upon the 
acquisition of a regular water supply to the springs, creeks, and rivers^ 
and finally on the prevention of extraordinary floods, and in which he 
then cites the proofs furnished by my treatise of April, 1873, and agrees 
with me in the views therein expressed and with the theory concerning 
the decrease of water in springs and rivers as therein announced. 

It will be seen from the official proceedings and the scientific data 
which have been collected, as just mentioned, that already in North 
America even, where, partly through the vandalism, ignorance, or 
avarice of the inhabitants and partly through elemental disturbances, 
very extensive tracts of wooded lands have been cleared and totally de- 
stroyed, the highly injurious effect thereof, and particularly the decrease 
in the volume of water in their springs and rivers, probably has become 
more evident than to us in Europe, and that also the government of that 
country has forthwith recognized the danger resulting from this not only 
to its present but also to its future generations, and that it now propose* 
to apply in the most energetic manner such measures as will prevent 
this danger as much as possible. 

21. The only knowledge which I have thus far obtained relative ta 
to this question in South America is taken from the following article,. 
dated December 5, 1878, written from Eio Janeiro to the Oolnische 
Zeitung, J viz : 

"A phenomenon is developing which causes apprehension on the part 
of the inhabitants on the banks of the Amazon, namely: The stream is 
receding in an appalling manner, and particularly above Manaos navi- 
gation is already impossible. There is a constant decrease in the stage 
of the river, the causes of which are wholly unknown. It is very de- 
sirable that thorough naturalists should examine this phenomenon.'' 

Now, if such a remarkable decrease in the volume of water has been 
observed in the upper portion of the Amazon, which is the largest and 
has a greater wealth of water than any other river on the face of the 
globe, it is very probable that similar decrease in the volume of water 
has taken place in the other rivers and streams of South America, and 
that this cannot be substantiated for want of observations alone. 

22. Mr. John Croumbie Brown, the distinguished naturalist, formerly 
professor of botany at Cape Town, in his book entitled "Hydrology of 
South Africa, compiled by John Brown, LL.D., Kirkcaldy, printed by 
John Crawford, 201 High street, 1875," has published very interesting 

*The author is mistaken herein. The act approved August 15, 1876, directed the 
Commissioner of Agriculture to appoint some man of approved attainments and prac- 
ticaUy weU acquainted with the methods of statistical inquiry, with a view of ascer- 
taining the annual amount of consumption, importation, and exportation of timher 
and other forest products, the probable supply for future wants, &c. On August 30 
1876, Hon. Frederick Watts, then Commissioner of Agriculture, appointed Dr. Frank, 
lin B. Hough, of Lowville, Lewis County, New York, to the discharge of tk\&v\sc<^v5rt- 
tant duty. 
f Report upon forestry, prepared under th© ditectVow oi. Wve^ CwKvxBA^xwvKt '^^^''^^^ 

enlture, in pursuance of an act of Congress apvxoveOi \b^i\i oi ka^asX., \J^^, >^^ ^^"^ 

in B. Hough, Wmhmgton, Government Printing Of&^ce, VJi^. 
t Cologne Gazette. 
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ibsLT vat 10113 and exiierieiiccs, extciidiiifi tliron^b a long series of yi 
■concerning the former aud present conditiou of the countries as well in 
Africa as in the larger islands of tlie Soutltern Ocean, of whicli I wS 
briefly mention but a few. 

In South Afiica there are yet found scattering groups of trees nf 
gigantic dimensions and great age, but without any corresponding attei- 
growth, which are undoubtedly the rtmuauta of former extensive tbresU 
which were cleared or destroyed by Are. These ancient gigantic trses 
prove the former great humidity ot the climate and the rank fertility of 
the soil. 

The destruction of the foreBts in South Africa and the cuatoiu which 
l)rovails there of destroying their tall grasses by fire have contributed veij 
much to the parching of the Boil in those localities, so that new trees are 
only found along the banks of rivers and in high mountain passes. 

Dr. Livingston and Dr. Moffat also descril)e the burnings just men- 
tioned, ami tlie latter refers to an extensive forest of wild olive trees in 
the vicinity of the city of Griqna which was destroyed by fire, and men- 
tions the gradual decrease of rainfall which resulted therefrom. 

Mr. Brown not^s many observations concerning the numerous and 
sudden changes which occur at present from severe droughts to violent 
rains, causing destructive overflows and the evident decrease in the vol- 
ume of water, indeed the complete drying up of many creeks and rivera 
as well as their change into torrents; which, however, are oidy created 
when the forests and [tlauts of the mountain slopes were destroyed and 
the soil was washed away in consequence thereof. In countries where 
mountains are covered with forests no torrents are formed, but, on the 
contraiy, plenty of springs, creeks, and rivers, which serve to increase the 
fertility of the soil. 

The anthor further reports upon the decomposition of the former rich 
soil by the sun's rays, by which the country becomes sterile, and the 
fields which were once rank aie converted into deserts, and sajs that 
these very disastrous changes are, according to the scientific investiga- 
tion of Mr. Brown and a naturalist cited, by him, entirely due to the 
destruction of the forest in those countries. 

In tlie cniHliiiliug chapter of hia work Mr. Brown recommends, for the 1 
piii-[»is<- of ifiiioving or at least ameliorating the evils which have re- 
isil1i<-i1 IViiia 1 lie destruction of forests, measures and precautions almost 
idt'iLtii-iil witli tliose proposwlby me in my first treatise of 1873, altliougli ] 
the latter was unknown to him when he compiled his work. 

In the second work published by Mr. Brown, entitled "Forests and 
Moisture, or Effects of Forests on Humidity of Climate, compiled by John 
CrourabieBi'owii, LL.D., Edinburgh, lS77,"heprovesconclu8ively, in more 
detail, not only theoretically but also by numerous illustratious, the feet 
i:hat forests have a great influence and effect on the humidity of the air 
and surface of the earth, the drying up of marshes, the formation of 
clouds, ou the quantity and regular distribution of rain among the different 
seasons, and the discharge of springs and rivers. In tliis work Mr. Brown 
cited the data collected in my treatise of 1873, and declares himself as 
agreeing with me in ray theory concerning the decrease of the volume of 
water in springs and rivers. 

33, In conclusion, I miist hei* advert to a fearful catastrophe which 

lately occurred, and stiikingly proves the disastrous results of unlimited 

destiTiction of forests. 

T&e iiortbern province of the Chinese Empire, Shan-Si, whose capital 

IS Taj-eun, is iuclosed on all sides by high moantaixi xaugea, ■w'liVftV va 

^^rij- agtis were covered with dense forests. Att.\iatt\rae\tTB;mea.\i.«»i 
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every jear periodically, the atmosiiliere was aiitticiently Lumid, and it 
belonged t* tUe fertile, well-pultivated, and densely-settled provinces of 
the Chinese Empire, But the inhabitants of this once blooming and 
happy country, through greed and in the endeavor to increase the yield 
of liiese mountain slopes more and more, have gradually cleared the 
sniTOnnding mountains completely. The residt is that the former pe- 
riodical rains hare almost disappeared, and that the rainfall as well as 
the humidity of the atmosphere have decreased, and that, consequently, 
iu this province failure of crops, want, and misery have succeeded each 
other during several years. In 1877, already, there was such a general 
drought, failure of crops, and famine, that iu consequence thereof nearly 
three millions of souls perished. In the official report of the governor, 
Li flo-nien, chief commissioner of the board of relief, the following 
account of this catastrophe apiiears, viz: 

" During the first period of this unheard-of famine, the living sub- 
sisted upon the corpses of the dead ; then, later, the weak were devoured 
by the strong ; now the misery has reached such a stage tlmt the peo- 
ple devour their own blood relations. History, up to this date, has not 
bIiowq a more horrible state of a&'airs than this, and unless measures 
fct relief are promptly taken the entire iwpulation of this section of 
the country will be destroyed." 

The Catholic bishop, Monagatta, in a letter from Tayeun, dated March 
24, 1878, corroborates the description contained in the above report of 
tlie horrible scenes enacted during the famine. 

The ruinous results of the destruction of forests are also showing 
themselves in the other provinces of China; iu the highlands by killing 
Oughts, and simidtaneously in the southern lowlands of the empire by 
iwtrnctive rains and overiiows. 
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So far as I have been able to Icam, up to the present time, fi-om pub- 
lished works and scientific periodicals, the following engineers and ex- 
parts liavo expressed ^-iews in opposition to my theory, viz : 

1. The committee of experts of the Society of Austrian Engineers 
and Architects, which, in its report already refeiTed to by me, agrees 
with my theory in general, but doubts somewhat the proofs which I 
offered and the conclusions drawn therefrom. 

2. Mr. Sasse, royal Prussian ministerial counsellor and member of the 
board of imblic works (Zeitschrift fiir Bauwesen, von G. Erbkam, in 
Berlin, von JahrlS7i).* 

3. Mr, Kluge, royal Prussian inspector of hydraulic works (in the 
journal just mentioned). 

1. Mr. Sehlichting, royal Prussian inspector of hydraulic works 
lIDeutsche Bauzeitung, Jalir 187C). t 

^ S. Mr. Grebenau, member of the imperial board of achitecture and 
,:^rector of hydraulic works (Deutsche Banzeitung, Jahr 18"6,\^ 
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16. Mr, (irave. royal I'russiaii district arcbitect and deputy flireetor 
ublic works (Deutsche Bauzeitiing, Jabr 1S77.) t 

7. Mr. Charles Hnricli, roya] Uungarian ministerial couDseUor (I 
schrittdes ungarisclieu Ingeuieur iind Arcliiteeten Vereines.) • 

8. Dr. Joseph Eitter Lorenz von Liburnan, imperial and rojal mil 
terial counsellor (Wald, Elima, wml Wasaer, 1878.) t 

These opponents urged against my theory and tJie proofs on whicli 
rests the following doubts and arguments in general, viz: 

A. That the decrease in the stages of water, i. e., the lowering of I 
water snifaces shown by me to have taken place at the nine gauges 
the five rivers may not have resulted from a decrease in discharge, fc 
&om a deepening of tlie river be«l8 or a change in the slope caused 
works of improvement. 

B. That the established fact that the stages of these rivers have i 
creased in height does not furnish reliable proof that their dischat 
has decreasetl. 

C. That it may be possible that the increased discharge of strean 
produced by the higher Hoods of the present time, brings the decreat 
discharge caused by the dimirished height of low and medium stage 
the former general average, and then the observations furnished 
only show that during the last decatle the regimen of rivers and si 
has undergone a change. 

D. That gauge readings of a stream extending through a period of 
least 200 years are necessary in order to draw a reliable conclusion fn 
them whether a decrease in volume of water has really taken place 
not. 

E. That it cannot be determined with certainty &0111 a comparisoa 
the heights of differeot stages of streams whether a decrease in thet 
ume of water has taken place or not, and that this can only be done 
directly measuring, from time to time through a long iieriod of yea 
the actual discharge of rivers and streams. 

F. That the assertion mode by me that the amount of rainfall h 
decreased in consequence of the great devastation and destruction 
forests is not at all proven by the examples which I furnish, and t 
opinions of scientiSc authorities which 1 cite, because from meteoroli 
ical observations extending through a long series of years in Bnglan 
at Paris, St. Petersburg, and Copenhagen it cannot be deduced tl 
the rainfiill has diminished. 

G. Mr. Grebenau declares that my theory relating to the decrease 
volume in water is incorrect, and advances instead the new theory tt 
the beds of creeks, rivers, and streams, are continually deepened by I 
erosive power of the running water, and that alone in consequence 
this deepening, the heights of the water stages constantly decrease, i, 
the water surface of rivers and streams sinks deeper and deeper. 

Since Mr. Grebenau declares my theory incorrect, and substil 

. therefor one which is entirely new in hydraulics, I propose, firat^' 

thoroughly discuss the arguments and proofs upon which it is baa* 

because, in ease his assertions and theory should be well founded, 

discossiou of the other doubts and objections can be disjrensed with. 

In consequence of the invitation heretofore mentioned, given by 1 
Imperial Aca^Iemy of Sciences of Vienna, to all foreign scientific in 
tutions, Mr. tirebenan, among others, was requested to give his opinj 
of my treatise on the decrease of water in rivers and streams, based u] 
his observations and experience relating to this subject. 
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Upon this, Grebenau, with Iiis characteristic tireless diligence and 
energy, collected the gauge readings of fourteen largerrivers and streams, 
compared them, combined them in various ways, at the same time 
studied zeahnisly the water question raised by me, and then gave a 
detailed lecture as the results of his investigations, on September G, 
1876, at the general meeting of the Union of SoL'ieties of German En- 
gineers and Architects, held at Munich, on the ''Sinking of rivers, and 
the phenomena accompanying it," in which he communicated the tollow- 
ing, viz*: He compared the readings of 75 gauges on 14 nvers lor low, 
ni^inm, and high water stages, divided them into two periods of ob- 
servations, similar to the manner in which Mr. Wex did, calculated the 
mean of these, compared th^m, and, assuming that the mean of the 
observations at the above-mentione<l stages need always only be taken 
into consideration, obtained the following results, viz: 

The medium stage of 12 rivers, supplied with 67 gauges, receded, i. e., 
the surface of the water sank, on an average, from 3 feet 3f inches, 
to 6 feet 6f inches ; on the contrary, the stages of 4 rivers at 6 gauges 
increased in height, and, indeed, just at those at which the half periods 
of observation were very short, they lasting only 7, 7i, 12i, and 16^ 
years. 

From the results of these observations Grebenau concluded that in the 
changes which take place in the fall and rise of the river at several 
gauges on the same river at the same time of observation when the dis- 
charge is nearly uniform, no decrease in the volume of water can be 
sabstautiated, because if the fall of the river shown by the reading of one 
gauge would indicate a decrease, a rise shown at another gauge of the 
^une river would indicate an increase in the volume of water, which 
clearly is impossible. 

" Xow, as Mr. Wex admits in his treatise that on several rivers, and 
particularly at nine gauge stations on the Danube, the bed of the river 
either raised or sunk, his theory that a decrease in the height of stages 
of a river or a sinking of its surface indicates a decrease in the volume 
of the water becomes, through this admission alone, untenable.'' 

Grebenau further remarks concerning my theory that the great amount 
of the decrease in the stages of several streams established by the figures 
given in my treatise prove that this cannot be the result of a decrease 
in the volume of water, because otherwise these streams would in sev- 
eral hundred years be without water and their beds dry. 

In reply to these conclusions of Grebenau, I believe it to be my duty 
to make the following exi)lanation : 

It is certainly generally known that the beds of rivers and streams 
which are not yet improved, or on which the improvenjents have just 
been begim, are deepened in some stretches and raised in others by the 
fomiaiion of bars, and that therefore in consequence of this a sinking or 
raising of the water may occur, from which no reliable conclusions could 
be drawn. 

But if, from the numerous gauge readings which are submitted by me 
are eliminated those which were taken on stretches of the stream in 
which changes in the bed of the river took place, we will still find some 
rivers or stretches of streams which lie either in a natural unchangeable 

*Au abstract of the letter was published in the German Gazette of Architecture, of 
October 21, 1876. Grebenau had more extensively elaborated his investigations in the 
water question, and had prei>are<l them for p\\blicalioTi -wXicvi, \«Aat!OMiaX^'^ ^ "^^x 
•fM>n deaf ii tore him away on June 23, X^il, HVs \iig\\\y-Teav^<t\^ V^dLO^ ^*&%o^«^^ 
98 to traDamit to me the manuscript for Inspecuoii *, \)\it, oxwc vm\\.«A. «S«^ ^» V^^^^=^ 
i were rain, in conaequence of the necessary expenae, ^\i\Oa. -w^l^ <iWia»a»c»»Nfc» 
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bed or whirh liave lii-en iinprovt^i tnmi tiim' inimeinoiial ami arf- in ft 
permanent condition. Tlie moat slthijiiIoiim expert iiHi.^t iidniit rlmr i-u 
»v.cb ri^-ers and stretches we can .justly a»sumB tlmv ilir liiTn^i-r [i[ 
their stages, i. e., sinking of 'their surface, indicates •.< ,\ri-i'-A>.r in riic 
volumeof water, since it wonld be impossible toespliiiii the plicuniji.'imn 

I in (my ntber way. 
I must reiriark concerning the second objection of frrelieiuni to uij" 
theory thtit iu my first treatise of 1873 I oniy expressed the apprehen- 
sion lest the (^reek8 iind rivers, still i-eplete with watei-, which esist ill 
cnltiva.te<l iroiiutries might. ^jr;idn:!ll.v.dii[iiL;f a larger part of the ye«f 
have little discharge; hut. »\i ilic i-Hiiii-.iiy, after hem-y rains swell fes^ 
fiilly and become convericil inm tini'i-nls. 
It ia a historically-established fiici that such changes have already 
taken place in the cnlcivated countries of ancient times, and only tliow 
can doubt it who are iiuaeqnainted with the geography and history of 
those countries. 
It is out of the finestiou t» Mijijmsf tijiit a stream which is created lij 
ilie confluence of many tiiTk-i ^nid riviis ciui ever completely dry uii, 
oecause, althougli the niinliill is iliiiiinished by cleariugs, yet it mil 
never completely have an end, mihI l>i'(-imse in li large river valley ttw 
springs, creeks, and tributary rivers can never lose their water simul- 
taneously, since the rainfall is irivgularly divided among the \-alIeya of 
the diftferent creeks and tributary rivers, and the high water of the one 
frequently reaches the main stream simnltaneously with the low water 
of another. The change of the tributaries into torrents cannot there- 
fore completely dry up the main stream, but it may cause great (uid 
numerous variations in its stagb, M-hich might become excessive. It is 
clearly apparent from the plot of gange reatlings given in my tirst treatise 
that this change has alreaidy begun in several streams of liurope. 

I believe that I have thus successfully controverted the objection* 
brought forward by Grebenau against my theory, and I will now pass 
to a closer examination of the new theory established by him, 

Grebeuan, as already stated, pointed out a considerable decrease in 
the lower, medium, and higher stages, i. e., a sinking of the water anr 
face of 12 rivers at 67 gauges, and explained this remarkable iihenom- 
euon by the following new theory, ^-iz : 

The monntaius on the surface of the earth are being continually re- 
duced in size by washings causi'd by the working power (called bylalC 
geologists the power of oi-osion) of running water and the adjacent de- 
pressions or valleys filled up and elevated. Grebenau then sets up the 
following thesis on the efleet of this power of erosion of running water 
on the beds of streams : 

1. The mud which is created when a liver rises is due to the frictioo 
of the different kinds of ti^h-is uj)on each other, and the ttoatiug mud 
is therefore the necessary result of the rolling liibrw. 

2. This rami is generated and carried farther at each point when 
there is rolling d4bri», and, therefore, increases continually in a down- 
sti-eam direction; and, indeed, according to the rule of arithmcticfti 
progression. 

tS. The voids produced in the debris by the mud thus carried off are 
the causes of the continned and lasting deepening of the river bed and 
the resulting sinking of the watei' surface. 
Grebenauj assuming these theses as established in discussing the 
SKi/zzp, whose water surface in Alsace, as he proves, sinks on an average 
&f of an* JncJi annually, ami, therefore has snuk 5 feet 4 iiidXifts during 
£ kk 
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100 years, ami ryii feet 4 inches during tlie last 1,000 yeiirs, lU'rives at (lie 

coiichi.siim tiiut ahuiit ;j,dUO years ago tlie falls at ScLatt'Laii.-<uii tlid not 

exisr. ami li:ivi> 'uil.v litsen caused, since that time by the sinking of the 

Veil "I' till' sriviiiii iH'lfiw, and that about 1,000 years ago the surface of 

its lieuti'iii itm-tiuii ln-lnw- Basle was at the height of its jiresent high 

banks, or US feet 4 iTichfs Ligher than it is.Hud ttat it then washed and 

fbrmeil these banks and sim;t! then has deepened its bed and lowered Ita 

■water snrl'ace to that aimnnit. 

If the theory of (Irebeuuu that the beds of all rirers and streams 

» de»^ened by the power of erosion at a eoatiniioas rate of f to f of 

} inch annually — consequently from 3 feet 1^ inches t» fi feet 3 inches 

lOO years, and from 31 feet 3 inches to tf2 feet iuches in 1,000 — were 

finii a! tiered well founded and trne, it would have a very injuriouB efi'ect 

Upon the cnltimtiou of conn hies and future generations. I have, there- 

'fore, since l.STlt, collected data and studied the question in the most 

Hiorongli manner, and I take- The liberty to commnnicate briefly the 

iwnilt tliereof. 

It is known to every hydranlic engineer and geologist that rivers and 
ft ei-ns flowing tlirougli large brofid valleys, if left to themselves, do 
not di epen their beds, which coni^ist of coai'se rounded gravel and Aitrris, 
tat cause their banks, which consist of ligliter earthy material, to cave 
fa, largely inci-ease the width of their beds, create islands, bends, and 
Wift currents, and finally, as they lose throngli this the most of their 
ttaiispurllng power, the lUbrin from the regions of their headwaters and 
tributary creelfs and rivers is deposited and raise their beds. 
■ During pastB.ges these wild rivers and streams meandered at will m 
tte valleys, and ereated their existing banks by Jilliug up the deep 
pilleys and basins of the sea which jireviously existed. At the jireei'nt 
time these wild streams raise their barks ly deposits of njud during 
nverflows, but not as rapidly as their beds are raised, and it fiei|uently 
lajpeus that the difi'erence of level between the banks and bed of the 
river is diminii>hed and th^ height of overtiowa increased. 

It is also very well known to eveiy experienced hydraulic engineer 
(hat the velocity and motive jjower of these wild streams can be so much 
increased by their imjirovement, i. e,, by naii-owiug its wide stretches, 
closing snbsidiaiy channels, niaking cut-ofi's, and finally jiruteeting its 
banks, thus iNI'rea^illg tiieii' «lo]ic; tliat the beds of these improved por- 
tions will be ■inuluatly deepened by the removal of the pebbles and 
i^irix which rai.sed ibem, and that tbey will be enabled to move the 
L^^lifw which is brought from the I'egiou of the headvater- by high 
hViiltWs farther down stream. If, however, this improvement is not 
[tUlde tbrougbout the whole stream this debrig will be depo.-ittd iu the 
1 fewer parts thereof, and thus raise its bed and cause it again to run 

'wild. 

The fact just mentioned that rivers and streams, in their uatuml state, 
have a tendency to raise theirbeds, and consequently their water sur- 
face, and Itiat a deepening of the former and lowering of the latter can 
only result from tlieir thorough improvemetit, has been already meu- 
ti-neil in a detailed manner by Mr. Hagen, royal Prussian privy coun- 
aelor of the sajrerior board of public works, in his admirable manual 
Ml the knowledge of hydraubc works, and many more of the distinguished 
hydraulic engineers of Germany and Italy who I requested in writing 

Sgive me the result of their observations on this point have declared 
at after many years devoted to the study thereof they uonsidec tbw. 
im established fact, and none of tbera cowW iaiuKaV "luft ■w\'Co. ^ ^swv^fcxad 
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stauce ill wliit^^b tbe lietl of a liver or i-ti'L-Hiii viis continually c 
by IbL- Uiitiuai power of ei'odoii of tlie i-iiuDiu^^ wa,tw. 

Altlioufjb it must be admitted tliat tUe frictiou of the ]itu-ticl6s Of {^ 
broitji^lit ilown by faigli water agaluiit ea^'li otLcr iloet4 cause somai 
yet it must be L'k-ar tliat by fttr tbe giviitent jiarl of that carried 8 
by lii;;ti viiliT is |.ri.(bic<'ii l.\ ilji- i;ii]] \Mishinn« of the valleytt, by ca^S 
of iiii[in>ti-i':i'il lMiiks,;ntil i\iy.il]\ liy I iir (?(7,c;«, sand, and earthy mattM^ 
eiiipfi'-il iiii" llir slii-aiii li\ i!> liiliii;in\\ rrt'iiks and rivers, so that*' 
deeiK'iiiii;; cif the l>ri! (."iiiiiui In- cm'ii ii]li.'iTi.Ml I'roiii the iniautity of saiid 
onrrieil oft' by a sti'earii, iiiueli less can it be measured thereby, be- 
cause that which is [n-uduced by the friction amoDg tbe particles tit ' 
debris is vastly overweighed by tlie very large quantity of nibble sand aod 
earth which is bmuglit in at every high stage from the beadwateis ' 
xaA tributaries. 

From this it follows that the theory advanced by Grebenau that tie 
mud transported by the high water of streams is principally created by 
thefrictioa of the particles of debrin on each other, and its aefjueuw 
tliat the beds of old rivers aiid stivams are eontinuaily deeixining 
through the power of erosion of their ruiiuing water, is evidently iivtat- 
lect, since in all river's and streams in their natural state precisely tbe 
opposite, namely, the raising of the beid, takes place. 

The iucori-eetuess of the theory advam^l by (rrebenau is also proven 
by historical facts, for if the deepening of river beds had eontinuaily 
taken place in earlier times all valleys whose suilkices are now only from 
6 feet (iji inches to 9 feet lOJ iuches above the medium stage of tlie rivet 
must have been permanently inundated abont 600 years ago, whict 
plainly was not the case, because at that time cities and many inhabit- 
ated places existed therein. Mi'. (Irave in his criticism of Grebenaa'a 
theory* (Deutsche Bauzeitiing von Jabr, 1S77, Nos. 54 and .'id) has already 
proven at considerable length the fact that it was opjiosed to historleal 
facts. 

I can leave the contradiction of Grebenau's theory concerning the 
creation of the falls of the Bbine by reason of the sinking of the river 
bed below to the geologists, who are better versed iu such a subject, but 
I must, on the other hand, opppose in a determined mauuertis furt'll^ 
assertion that about 1,000 years ago the water surface of the Rhine below 
Ba^le was on the same level with its high banks, aud that it made thesfi, 
and since that time its bed has been deepened about 53 feet i inches. 

Grebenau, at the general meeting of the " Follicliia," in Diirkheim, 

delivered a lecture, on Septttraber 11, 1809, entitled " Der Ehein \or una 

nach seiner liegnlu-ung," t which was subsequently published as a paper, 

with maps aud piofiles attached, which proves, at great length and very 

thoroughly, that in prehistoric times there existed, in the present vallty 

of the Rhine, between Basle and Bingen, a large sea which gradually 

flowed off, as the mountain gorge between Bingen and Bonn was formed. 

The basin of this sea was filled up by tlie large masses of rubble and 

^^m dibris brought intoit, uot by the Ithiue alone, but also by the ci'eeks aud 

^^b Atber rivers which emptied into it, to within Aom 32 feet d| inches to €6' 

^^Kfeet 7^ Inches of the present surface of the valley. The high baoket 

^^Hi lE^so c^ed the Bilurian terraces, which are from 3.1 to 4.3 miles apart 

^^H^aud .32 feet 9 inches in height, wei'e clearly once the rim of this basin, 

^^H and received their present form partly through the action of tlie waves 

^^H of this sea, which subsided very slowly aud in pi'oportiou to the crown. 
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of the rocky crest of the falls at Bingen, and partly to the undermining 
caused by the Rhine, which meandered in this irregularly filled-up basin 
in the wildest manner. Since the basin ha.s filled up, and after the slope 
had become regular between the crest of the overfall at Bingen and the 
river bed, also consisting of rock, at Basle and at Waldshut, the Rhine 
has not only not lowered its adjacent banks, which are composed of 
coarse gravel, but on the contrary has raised them from 3 feet 3| inches 
to 6 feet OJ inches, by dei>ositing upon them sand and mud during its 
fre<|uent overtlows. 

The gradual sinking of the water surface of this sea is, to-day, plainjy 
visible on the high banks on both sides, and also the subsequent under- 
mining of the latter by the wildly meandering Rhine, and then, in con- 
sequence of its improvement, begun in 1817, between Basle and Man- 
heiiii, by stmightening and shortening its length from about 165 miles 
to 111 miles, a deepening of the obstructed river bed and sinking of the 
water surface of from 3 feet 3| inches to 4 feet ll-i^g- inches took place 
in some stretches of the river. The excellent hydraulic engineer, Gre- 
benan, observing these visible facts, was led to the erroneous conclusion 
that this deepening of the river bed and sinking of the water surface 
were the result alone of the power of erosion of the Rhine, and, as he 
at the same time found that at 67 stations on 12 rivers, during a long 
period, there had been observed a considerable decrease in height of the 
low, medium, and high-water stages, Grebenau advanced the incorrect 
theory that, since the existence of all creeks, rivers, and streams, with- 
out exception, their beds had been continually deepened, and their 
water surfaces sunk by the power of erosion of the running water, and 
that this erosion will continue steadily in the future. 

In saying the preceding I do not wish to cast any reflection upon the 
memory of my departed, highly valued, and personal friend Grebenau, 
who was known and respected in the whole of Germany as a distinguished 
hydraulic engineer, but I simply desire to clear up a very important 
hydraulic question. 

Now I will attempt to clear up, i. e., to rebut, the arguments, objec- 
tions, and doubts heretofore enumerated of my other opponents, and 
fiKP that purpose will refer to the data and observations collected by me 
since 1873, and which strengthen the correctness of my theory and prove 
Grebenau's utterly untenable. 

Reply to A. — If the decrease in height of the stages of a stream, L c, 
the sinking of its water surface which was observed during a long 
period, were alone the result of the deepening of its bed, either by the 
power of erosion of the running water or by the executed improvement 
of the stream, these deepenings must take place in a large part of the 
stream, must be created successively and in equal degree, and finally 
most be permanent. 

The changes in the bottom of the bed of a river, such as partial washing 
out by whirlpools and shifting of the channel, which occur at almost 
every high stage cannot be considered as being a deepening of the river 
bed in the sense in which it has been herein discussed, as these are 
generally corrected again by the next high water, and consequently 
CM have no effect upon the monthly or yearly average of the guage 
leadings. 

In onier to judge clearly and in a reliable manner of the effect which 
the deepening of the beilof a stream thtougVi «l \ot\^ %\.t^\.Oe\.\sssa^«^^ 
tlie water stages thereof, it is necessary to plot tXi<ft oxiv^wJiX ^xvs«&»-'e«#riws«^ 
(^ this stream, together with the deepemng m >L\i^ >a^ «»^ ^vsvjbo^ 



22 

stages thereof, and we shall then arrive at the following unassailable 
conclusions: 




In tlie above figure let A, B, C, D represent the whole cross-section 
and profile of discharge of a stream, whicli for the sake of simplicity we 
can assume as perfectly regular and with sloping banks. In this sec- 
tion let the line a d, e/\ and g i represent respectively the low medium 
and high stages of water. 

If, then, after a lapse of a long period of time, say from twenty to 
thirty years, tlie bottom of the original bed B C lias been deepened to 
the new bottom B C, either in consequence of the power of erosion or the 
improvement of the stream, we can calculate the resulting amount whicli 
the surface of the water has sunk, provided we assume that the volume 
of water has remained the same. 

Denoting the width B C of the bottom of the bed of the stream by 
hj the velocity of discharge by r, and the distance which the bed has 
sunk by //, the amount of discharge, wi, through the deepened portiou 
of the bed B B, C C, we will have 

m = b h V, 

Now, denoting the width of the water surface at low, medium, and high 
stages respectively by ft, ^2, and &3, the mean velocity at the surface at 
these stages respectively by r, ^2, and ra, and the sinking produced by 
the deepening of the bed respectively by h, hzy and h^, it follows that 
since the volume of water is onlv reduced bv the amount which flows 
through the deepened portion B B, C C, the following equations are 
true, viz: 

m = h hfr=h h v = h hi^ = bs 1h t-^. 

Xow, since in the cross-section of all streams, excepting in the rare 
case where both banks are reveted with vertical walls, the width of the 
water surface increases with the height of the stage, that is, biyh and 
^3 > ^>2i and since, as is well known to every hydraulic engineer, the 
surface velocities increase with the height, that is, that ^2 > r, and v^ > 
K, it follows that the amount of the sinking of the water surface at 
higher stages must be in the inverse ratio of the product ^2 I'z to b v and 
^3 r5 to ^2 Vij and must thei'efore become smaller and smaller as the river 
rises, that is, Jh < /* and Jh < hz- 

It is evident from the above that the following criteria must be true 
in regard to decreases in the height of the water stages, i, e., in the sink- 
ings of the water surface which result from a permanent deepening of 
^j^e river bed, 
1. The decrease in theheight of the water must\>e gTeate^\>\ii\o>N ^\ek.^^^^ 
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and must be proportioiiately less iu higher stages, and must reach its 
miuimum iu floods. 

2. The decrease in the height of the water which results from the 
deepening of the river bed must be the same, for the same average 
monthly stage, because this deepening only takes place slowly and 
gradually duriug a long perioil of years, and the stream may therefore 
be considered as unchanged during the period of a year. 

3. If the gauge readings of a long river, taken in the same period of 
time, ai*e compared, the amount of sinking of the surface, due to works 
of imi)rovement or deepening of the bed, will never be the same at the 
diffei^ent stations, but on the contrary vary greatly from each other, be- 
cause on a loug river only some especially bad stretches are improved 
gradually and in different periods of time, and because many stretches 
which are in a better condition, and especially those inclosed in rocky 
banks, are left unchauged, and because it frequently happens that the 
various stretches are improved according to different systems, which as 
the nature of the evil varies uiay have quite different effects upon the 
sti'eam ; and finally, because in the lower unimproved portion of the 
river, bars, sand banks, and raising of the bed occur, and therefore it 
bapi>ens that an equal amount of the deepening of the bed and sinking 
of the water surface resulting therefrom throughout the whole river is 
impossible. 

4. When a river is radically improved, and particularly when it is 
considerablv shortened bv means of cut-offs, its bed will not only be 
deei)ened, but its slope and the velocity of its current will be increased, 
and as a result of this its water surface will be lowered, and sometimes 
even more than by deei>ening its bed. 

But these sinkings of the water surface must possess these criteria: 
that they are equal at the same station, during the same months, at the 
same stages, independent of the years, and that even in the same im- 
proved portions of a long river they will vary with the extent and man- 
ner of the improvement; and finally, that a sinking in the water suiface 
cannot take place on those portions of the river near its head or mouth 
which are not affected by the works of imi)rovement. 

In order to furnish the proof that the considerable decrease in the 
heights of the stages of European rivers, /. ^., the sinking of theii* water 
smface, as shown bv me as well as bv Grebenau, director of hydraulic 
works, to exist, did not result in consequence of the power of erosion of 
the water nor from the partial improvements made of these rivers at 
different periods of time, but is solely due to a decrease in their dis- 
charge, I procured authentic gauge readings at numerous stations on 
the Rhine, Danube, and Elbe, divided them into two equal periods of 
observation, calculated for each the monthly and annual. mean stage, 
as well as the highest and lowest stages which occurred, and plotted 
them on sheets 1 to G,in oixler that they might be more readily seen and 
com[>ared. The^e sheets clearly exhibit the observations taken during 
along peiiod of years, and from them the following conclusions can 
justly be di-awn, viz : 

(a.) The decrease in the height of water stages, i. 6., sinking of the water 
sorface of the Ehine and Elbe, is in direct opi>osition to the criterion 
laid down in my preceding reply to A under the head of 1 ; that is, it is 
the least at low and increases considerably at medium and high stages, 
aod can, therefore, not be the result of a deepening of tUim ^^%. 

The deci-ease shown at the six stations on t^^ \^«L\i\j^a^ ^^ \3l<^\» ^^^^^ 
with the abovBy because, as will hereafter "be^ a\io^'\i, ^^^^ «X»^aft\^ ^5^ v5fVir 
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lingen, LiDZ, Vienna, and Posth were cliinigiHl dining the period o( 
observation. 

(b.) The decrease in the lieip;lit of water stages at the same statiouB, 
at the same stages of the river and during the same months varies con- 
siderably, and the amount tliereot' depends far mui-e upon the se4(«on<tf 
the year than ajwu the mean stage of the rivers^ and this observed n- 
8ult further proves that the linking is not due either to the deepening 
of their beds or to their works of improvement, 

{c.) It will be ftirther seen from these plottings that at several stiitioiw 
on the same river, even when they are separateil by great distaneeB, 
non-improved portions and stretches dowing over rock, the deereiises in 
the height of the wai«r siu-faee, for the separate mouths, are the same 
or very nearly so, which does not agree with the criteria laid down ia 
Soa. 3 and 4 of my reply to A. 

RESULTS OF 8PECIAI, OUREBVATIOKS ON THK HHINE. 

It will be seen firom the plotted gauge rea^lings at the six stations on 

e Upper, Middle^ and Lower Rhine, that the decrease in the height of 

le water surface is the greatest in the summer months of June, Jnly, 
and August, and least in the winter months of November, Seeember, 
and January, although the high water of summer which is ponied doini 
by the melting of Alpine glaciers and snow has already reached a me- 
dium stage when it arrives at Cologne and Emmerich; and, on the con- 
ttarj-, the winter low water of the Upper Bhine becomes high water at 
Emmerich by the addition of the water trom its tribntaries ; conse- 
quently the Bhine completely changes its nature and regimen in this 
distance of 4^^^ miles. 

Mr. Von Salis, Helvetic chief inspector of public works, established 
the fact that the bed of the Rhine at Basle has not deepened during the 
relatively short period of observation from 1857 to 1M72, in a commuDi- 
cation to the Imperial Academy of Sciences at Vienna, date<l April 17, 
1875, iiora which the following is an abstract, viz : 

"Oange readings have been taken at Basle since 1808, which may b6 
of value in discussing the question of decrease in the volume of water 
since the station has been fixed, and the geological condition of the 
river bed pi-ecludes the assumiition of auy deepening and in general of 
any change therein," 

Mr. Uonsell, member of the board of public works of the Oraud 
Duchy of Baden, who is in charge of the works in the district lieginnin^r 
at Constance and ending at the Hessian frontier, in his letter to ae 
dated November 30, 1877, has furnished overwhelming proof that there 
has been no deepening of the bed of the Bhine either at Basle or Wald- 
shut, by pointing out the great firmness of its bed, which is composed 
largely of rock, and the relative level of the old bridge across the 
Rhine, built about the year 1225, and the streets of Basle. lie con- 
cludes his letter as follows, viz ; 

"The assertion made by Grebeuau that the bed of the Rhine is sink- 
ing or deepening must, therefore, so far as the neighboihoods of Basle 
and Waldshut are concerned, not only be described as improliable, but 
absolutely impossible." 

It is certain also that there has been no deepening of the very rocky 
bed of the Rhine iii the mountain gorge near Bingen during the short 
period firom 1S57 to 1872. 

2fow, if the lihiue at the four other stations shows, in the separate 
months daring the half period of observations betweeu \ftaT a,uA. VitVL, 
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ise ill the heights of its water surface similar to those at Basle 
Biiigen, it is perfectly jastiliable to conclude that neitber the par- 
i&l improvement of the river nor a general deepening of its river bed, 

;t another cause wbicli operates tmiformiy thronghout its whole length, 

8 produced tlie drcrease in the heights of the water surface at the 
vadium stages, and it is apparent that this cause can only be the de- 
erease in the discharge, which varies from month to month acconling 
to the auioinit of the rainfall. 

Li 1817 the Royal Prnssian Crovenimeot orderetl that the most im- 
oortaut gauge stations on the Kliiue at Cologne and Emmerich be 
baproved, aud that their zero be placed 2 feet and .«3 inch below the 
feweat water known at that time, and this was done. In his admirable 
^draulic work, Dr. H. Berghaus pnblisbea tables of the gauge read- 
iuga at Emmerich &om ITTll to 1835, and expressly remarks that he 
ic(luc«d the readings troni 1770 to 1817 to the new zero of 1817, whose 
height above the sea he ])laces at 34 feet 3.44 inches. 

Mr, Khige, royal Prussian iusi>ector of hydraulic works, at my request, 
_kindly furnished me with his official readings of the gauge at Emmer- 
■Soh fitim 1S27 to 18(3, and I was thus enabled, by comparing the tables 
.between 1827 to 1835, which were before me in duplicate, to substan- 
tiate the fact that the zero of tlie gauge had remained undisturbed 
aiiioe 1817. 

Since tlie comparison of the accurate readings of the veiy important 
.gauge at Emmerich during a period of 104 years, t. e., from 1770 to 1873, 
jil vtry interesting aud quite sufficient to decide ^e ciuestion of the 
'fecrease of the volume of water in the Bhlne, I have plotted them on 
^eet 2, in order that they may be better comprehended. 

Kow, if the period from 1770 to 1835 be divided int« two periods of 33 
years each, and the other 38 years be considered as another period, and 
Ut« relative gauge readings in these three periods be compared, the fol- 
lowing noteworthy phenomena will appear: 

During the period from 1770 to 1820 the variations in height of the 
amntal high and low water, as well as mean stages, were very sUght, ex- 
t^iting in the case of a few yearc. From 1820 to 1873 it will be nonced 
that there were very frequent and considerable rises and falls in the 
i^h, low, and mean stages, and more frequent changiv^ between years 
of nbuudaiit and small water supplv. 

He flood of 1801 rose !).4u inches above those of 1799 and 1809, and 
ttu low water of 1865, 1866, aud 1870 feU from 3 feet 7.3 inches to 4 feet 
ftiSi inches lower than the lowest of the lii'at perioil, that of 1803 ; conse- 
^uttlytheditfereuoebetween the highest and lowest stages in the latter 
pniod lias increase<l 4 feet 9.9 iuohes. 

' In the last ]>eriod of 38 years, fi-om 1836 to 1873, the arithmebcal mean 
Itughts of the water stages decreased in comparison with those of the 
period from 1770 to 1802 as follows, viz: 

rSfas monthly ^tiiges fi'OLu 1U.63 iiiclies tu_ 4 feet 4..W incheB. 

rifowinniil uruj^a _.. 8 feet 4.4 iDcheB. 

MMhighi^si stages , 11.46 iuohes. 

uSe lowest stages , „ S feet 8.2 inchas, 

lfj<Ue observations just ■ mentioned fiirniah perfectly explicit additional 
'jlWoof that in the last decades tlie Rhine at Emmerich has undergone a 
'fKuiderable change in its character and regimen, and from which we 
'HUfji conclude that there has been a change in the rainfall in the whole 
ngion of its headwaters. Furthermore, since there have been no attea- 
irtfe and radical improvements of the ■R'hin6\>y cxA-oUft ?*. "^.^sBOKWiQH 
i^nce 1802, the iore^ri'iiig'consideraVvle decrease wi tWa'w.ft*^*^'^'^*^'^"'*^ 
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i, e., the ri^iuking of its water Biirtaet^ at all Ntfiges atid sea»ou», can only 
be explained by tlie circumstauoes Iliat its iliscliavfte must have decreased 
coiisideralily. 

The reason why the decrease iii the heit;ht of water surface prove« to 
be (greater at Emmerich than Pt tlie live upper ^tatiuna is that the de- 
crease of the volume of water in the whole upper river valley, and in all 
the springs, creeks, and rivers which emanate therefrom, are all con- 
centrated there. 

kEESITLTS OF SPECIAI, 0B8EEVAT10NS ON THE ELBE. 
It will bo found, from the plotted readings on Sheet 3 of the Raiigea 
an the Elbe at Dresdoo, Uiosu, and Ma.gdel)mg, tixun 1837 to ISTl!, aud 
those on Sheet 4, taken at Dresden during a pei-iod of 68 years, from 
1806 to 1873, that almost the same circumstances exist relative to the 
decrease in the height of its n ater surface «nd increase in its variatious 
as have been described in the foregoing paragraph on the Rhine, and, 
therefore, I will not discuss them here again. 

A more comprehensive view of the decrease of water in the Elbe vM 
be obtained from the plotted rea:ding8 of the gauge at Magdeburg, takwi 
during a period of 142 years, from 1728 to 1869, which are given in ray 
first treatise of 1873. The data described in detail in the latter, »m 
which were colleoted by the international technical commiNsions for mak- 
ing exainiuatious of the Elt)c in 1842, 1857, and 18611, ure not only very 
interesting, but fully suificient to enable a concliiBion on the qnestioQ 
before lis, I'elatiug to the decrease in height of stages in tliMt river and 
sinking of itn water surface, to be reached. They establi.sli the faet tiiSit 
the low-wat«r of September, 18413, was tVom 3.9 to 11.4 inches lower than 
those marked on tlie rocks in the river beds at Tetaehen, Pima, and 
Strehla for the yeara 1610, 1706, 17111, 1746, 1782, 1790, 1800, 1811, and 
1835, and it was, therefore, the lowest <)nring a period of '2'26 .years. 

It will be seen from the readings collected by the subsequent com- 
missions for making examinations of the Elbe, and which I have tabu- 
lated on Sheet 3 for all of its stations to the head of tide water at 
Blekede, that in 1S52, 1857, 1868, aud 1873 the low water of its upper 
portion, which is thoroughly improved to Dresden aud Wittenberg, by 
means of trainiog walls, fell abont 10 inches below that of 1S42, and 
that, on the contrary, in the lower liver, which is only imitixived in 
stretches by quay walls, the bed was raised by sand banks and the low- 
water stage raised. 

Mr. M. W. Schmidt, royal Saxon director of hydraulic works, pnbbshed 
in the "Civil Engineer," in Nos. 4, 5, and 7 of volume 34, valuable 
information in reference to the s1ot>e aud gauge readings of the Elbe, in 
the kingdom of Saxony, aud this exi)ex't expressed the opinion, based 
upon accurate hydraulic data, that during the last decades the mean 
monthly and annual, and ]iarticnlarly these low-water stages of the 
Elbe, in summer and fall, have decreased considerably, and to the extent 
of 2 feet 0.4 incli at the station at Dresden, and from 1 foot 3^ inches 
to 1 foot 6.1 inches at Itiesa." 

Mr. Schmidt further proves that in cousequence of the ijuprovemests 
which were made on the river, a deepening of its bed and sinking of itfl 
water suiface took jilaee, which amounted to 1 foot 2^ inches at Dresden 
aud to 7yV inches at Biesa. Since the actual deci'ease in the height of 

'Tlifgaugi- stations at Meisnen areiiot i 
ration baa been too aboH, and the effect 
laaC point lias not yet lieeii determined. 
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taler sui'fiift' hii-s become 10^ inches greater (\t Dresden, aud from 
TA to H)i inelies al Kiesa, it is tlie opiuion of Mr, Sclimidt, " ia view 
w the straugc plieiioineuoD, that some other cause, not reaultiuK 
Jhim the works of improvement, must have beeu in operation to jiro- 
da(;e tliis linking in the mean stages of tlie water, aud which, taking 
all the surronudiug circumstanceH into cflnsideratioii, can only be tliat 
the volume of water in the Elbe haa diminished during the last twenty 
fears. Attention may be called to the fact that after Uie most tliorongh 
researches of the iniperiai royal counsellor Wex on other Eiiiupeau 
rivers, he announ<n>d in 1873 the same conclusions which have been 
rived at by the observations of tlie height of the water in the Elbe." 
Mr. Maasj, of Magdeburg, member of the royal Prussian board of 
public works, who has made the most thorongh study of the circiim- 
stinceA connected with the height of the water and drifting of the ioe ' 
of the Elbe, Rod has published the result thereof, also gives, in his letter 
tit me dated January 31, 1 878, it as his opinion that the decrease in the 
lii'iglit. *. ('., tiie siukiug of the water surface of the Elbe, is due partially 
to itH iiiipniv.'iiient and partially to the decrea.se in its A-olume of water 
liich Ills t;ikcn place. 

Eugiuii'i' T'riiiilii, in "Stummer's Engineer," of 1875. aacribea as a 
iison )"]■ tli<- ill. re i-;e of the volume of water in the Kll>e, which hoa 
Vitfu nniveisiilly nii.Mived, not only the cliiaring of the forests, but also 
die total driiiii:i-c iif pouds. Emperor Charles IV ordeitd the cou- 
atraction of ponds in the kingdom of Bohemia at the public expense, 
iHid at the end of the sixteenth centnry the total area of these amounted 
\a5iO^ si|nare miles, of wjiich it is Siiid only about to the extent of 58 
IQTisi'e miles now exist. 
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HESUI-TfJ OK SPECIAL onaKRVATIONS OX THE D,VSUHE. 

&I making the comparison between the mean of the monthly and 
ttenial readings iit the most important stations on the Danube, which 
in plotted on Sheet 5, I could not choose periods of observation of eqaal 
IS^hs,* because unfortunately some are quite short, and because the 
ttoSs-section and the discharge of the Danul>e have materially changed 
Maeveral stiitions duiing the last decades. Correct conclusions ^m 
te comparison of the mcLin-water stages can, therefore, only be drawn 
I^OMisidering them in connection with the changes that liave taken 
laoe in the cross-section of the river. I have therefore obtained the 
d46t as well as the latest cross-sections as determined by experts in 
16 public service at the four stations at Linz, Stein, Pesth, and Old 
miova, hav.- accurately plotted them on Sheet fi, and will now briefly 
iecdss the lesults of the comparison of the gauge readings at the scpa- 
IA6 stations; at tlie same time, take the changes in the eross-section of 
^irfiarge into consideration. 

The Danube at DilUngen. 

Mr. Bernhard V. Herrmann, of Munich, chief dii-cetor of the i-oyal 
ftivarian board of public works, in a letter to me dated Decembei' 3, 
3177, was so kind a^ to comnmnteate to me that in his opinion the ijuit'e 
niutiderable decrease in the height of all stages, i. c, in the sinking of 
k6 water siu'face of the Danube, at Dillingen, in Bavaria, which was 
Utiserved during the second half of the period comprised between ISSa 
" ' 1874, is (hie to the impmveineut ot tWe Tiauxjkut, '«\5AdQ. '^xaa ^1'«»- 
'getically prosecuted diu-ing the laat detaies. 
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The plot of the gauge reailiiigs at DilHrijicii in worthy of notice, inM 

much as the followiug conclusions can be drawn therefrom, viz : ] 

The slight variations between the monthly mean, as well as the small 
increase in height of high-water and flight decrease in height of low- 
water stages, indicate that large iniets of forests still exist in the region 
of the hea<lwater8 of tiie Danube, ami regulate the flow of its water at 
Diltingen. 

The fact that the variations in the monthly mean as well as in higli 
and low water stages are so nnifnrm, observed dui-ing the second Imlf 
of the iieriod included bi-tween 1*55 and 1874, proves that the extensive 
river improvement at Diilbigen has not only deepened its bed, but liss 
also increased the velocity of its current considerably. 

The plot of the gange readings at Dillingen may therefore be con- 
sidered as a iirototype of the relati ve water stages of such rivers whose 
discharges are regulated by large forests existing in their valleys, and 
also for such as liave been extensively and radically improved, and par- 
ticularly of those in which tlie t<loi>e has beeu increaae<l by diminishing 
their lengths by cut-ofFa. Now, as none of my ])lot8 of the gauge read- 
ings on many other streams and at various stations resemble tliis proto- 
type at Dillingen, as far as regards the very uniform stages of water 
and their nearly equal variation at all seasons of the year, it follows 
that the causes which are at work at Dillingen either do not exist at bU 
at the other stations and on the other rivers, or exist in only a very 

flight degree. 
r Tke DaHHfie at Lim. 

The plot of the gauge readings at Liuz, taken during the second half 
Cff the period included between 1849 and 1875, shows scarcely any vari- 
ation in the months of April, May, June, -Tuly, and August, which are 
the live richest in water supply; but, ou the contrary, dui'ing the other 
seven months, shows a decrease in the height of water stages or sinking 
of the water surface of from 1.4li to 8.32 inches, of 4.8 inches in the annuBit 
mean, of 7.22 ijicbes in high and 0.5 inch in low stages of the river- 
It will be seen, however, from the cross-sections of the river, accurately 
taken in 1850 aud 1877, only 54 feet 8 inches above the gauge at the 
bridge, and which are plotted on Sheet 6, that the cross-section of dis- 
charge was diminished by the coustruction of terraces and revetment 
of the river banks about 452 at the zero, about 646 at the medium, and 
about 1,604 square feet at tlic 19-foot S-inch stage; aud that in conse- 
quence of this decreased cross section the surface of the wat^r during 
the i>eriod included between 1850 and 1875 mnst have l>een raised »» 
follows, viz : At the zero stage, about 6.66 inches ; at the medium stage, 
about 9.84 inches ; and at the high stage, about 1 foot 10.41 inches. 

If, therefore, the cross-section of discharge had not been diminished, 
the sinking in the water surface of the river during the second half of 
the xieriod included between 1849 an<l 1875 would have amounted as | 
follows, viz : At the zero stage, to about 7.8 inches ; at the meilium stage, 
to about 1 foot 1.12 inches; aud at the high stage, to about 2 feet 4.44 
inches. 

This can only be the result of a decrease iu the discharge of tlie Dan- 
ube at Linz, since it has not been improved at that point, and there hiw. 
been no deepening of its bed. 

Tke Danube at Stein. 

The gauge i-eadinga of the Danube at the city of Stein, near Krems, 
a/» oJ" the highest importance in this discaaa\ou, \ie,e,a\!LBfi at \Xia.t "^Xs*.* 
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oue of the oldest wooden pile bridges spaus the Danube, and there is a 
irharf which is very nnich used. In consequence of the frequent re- 
newal of the piles of this bridge, and the examinations made to deter- 
mine the best location for its draw, frequent accurate cross- sections of the 
river were taken, and the gauge readings since 1829 were also preserved. 
I found, in prosecuting my researches, that no improvement of the Dan- 
ube was made after 1829 until 1874, when its bed was narrowed at the 
bridge; aud, therefore, I have considered neither the alterations in the 
water staj:es nor chauges in the bed of the river caused thereby since 
1871. 

I a'so obtained the official cross-sections of the stream taken at the 
bridge at Stein in 1838, 1848, 1858, 1869, and 1872, compared them, and 
finally plotted the tirst and last ones together on Sheet 6. From these 
it will be seen that the bottom of the river-bed,* which is here composed 
of gravel, was, it is true, at times deepened by high waters, but then 
again tilled up by them, so that the mean depth of the cross section 
taken in 1872 differs onlv .2 of an inch from that of the one taken in 
1838. It follows from this that a general sinking of the bottom of the 
river bed was not effected by the power of erosion of the running water, 
and that, therefore, Grebenau's theory seems unfounded. 

Now, it will be perceived by examining the plotted gauge readings at 
Stein on Sheet 5, that in the second half of the period included between 
1853 and 1873, the heights of all stages of the river have decreased, as 
follows : 

The mean stages by from 3.08 inches to 1 foot 4.58 inches ; the annual 
mean stages by 8.58 inches ; the mean high stages by 1 foot 10.76 inches ; 
the mean low stages by 8.47 inches. 

!N^ow, as the Danube was not improved at Stein, nor any deepening in 
the bottom of its bed took place, the assertion that this decrease in its 
water stages is alone due to the decrease in its discharge can be made 
with the fullest justification. 

The Danube at Vienna. 

The changes which have taken place in the cross-section of discharge 
of the Danube at Vienna could not be determined, because it was di- 
vided at this place into two large arms and the Vienna Danube Canal, 
which is 54 yards and 2 feet wide, and because a number of smaller sub- 
sidiary channels which existed just below the city were closed. It can, 
however, be generally asserted that the cross-section of discharge de- 
creased considerably during the period included between 1851 to 1874, 
by reason of the fact that the southern arm, the so-called *'Kaiserwas- 
serj^f 162 yards wide, which formerly was 6 feet 6f inches deeper than 
the zero, and which had a considerable discharge, is so filled uj) that 
now, at the zero stage, there is none, while at the same time the cross- 
section of discharge of the northern arm has changed but little. 

If, notwithstanding this, the tabulated comi)arison of the water stages 
and the plot thereof on Sheet 5 show that the monthly and annual 
mean as well as the high and low water stages for the period included 
between 1851 to 1874 have decreased from 5.1 inches to 1 foot 8.9 inches, 



* The original supposition of the government exi)ert8, that a portion of the river-bed 
wae rocky, was subsequently proven to be incorrect by tVi^ ^<ei«^\i'«v^ nsXs^.^ Xa^^^ 
place; ancl the rocky ledge, which shows itself in t\\fe TW«t-\ife& «^>o^\\. \^i?^ ^'a»^^^ 
ielow, either does not reach up to the bridge, or, \i it doca, We^ «A. «k vgt^^X ^^^'va^^ 
f Imperial stream. 
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s tlifv do, it follows ibjit tLe tliscLiirge ul' lliu IJuiiiibo has deci 
' dnriiiff tbat period. 

Ttie gmiffe i'ecidiii|ri4 since 18T1 aro not considered in this discuc 
Tjet^HiiKe tLe eut-otf at Vienna, wbicL has the normal breadth aod 
of the stieaiu and a hjii^rh of i miles and 13 yards, was opened in 
the old cliauuel eiiriii>Iet«!.v clnseil, aud the yaiige station transferred 
the ciit-o&^ and then^fore no reliable conclusions could be tlrawn by com- 
paringtlie reiidiujis IjLiforc and after tbo opening of the ent-off. 

L The Damilie <it Old Orsova, 

P The gauge readings of the Danube at the city of Old Orsova an; 
Very important and very sutisfactory in rbf disniHsiiui aud decision of 
this iinestioii of the decrease in tin- xnlumi- of \v;ilt*]'. Ihtmusi' itll die 
larger tributaries empty into the stn.-;ii]i alii>M> this place, and. lii'iii;;Tii 
consequence thereof a ujigbty sUfanj. re[>li'tc uitli wuler. tlii' ahnnnnal 
Stages of "-arer in single liiliar:iiii'N, cimst'd liv ['nrlLcuhii' eleui.-iit;iiv av 
tious in lUeir v:illeys, have )Im iiilliu-ticf ',u ils disvlurgc ;it Oi>ov;i. 

Again, in i-onsi'ijiu'nci- ut iln- mvar ilillri'cnri' in tbe runli;;iiiMti'iii, 
composition of tin- sniK and cliinatir conditions of tljt- .several v;dlei< 
of the iributaries which ilinv into it li'oni the south, west, iind north, 
these carry oft' their high atnl low water, at different times, the Danube 
at Oraova may be considered as a great recipient and regulator of ili« 
'igh, medium, and low waters of its tributaries. 

For these reasons, the most reliable conclusions relative to the iliu- 

large of the stream produced by the water which it receixes from itt 
'hole upiwr valley can be drawn from the gauge readings at this stu- 
'tiou. but only then if it is pnn-en that during the period in whiih Ilic 
readings were taken there has been no change in the direction of it« 
current, its cross-section of discbarge, or in its slopes. 

It can be seen from any large rivei' map of Europe, and from wnrlis 
published on hydraulic subjects, that the bed of the Danubt: fur a <liv 
tanee of C5.8G miles below Orsova is sitnated in a vast mountain -vf.'' 
of the southern chain of the Carpathian ranges, and that tlnnn-lum! 
this whole distance its sides, ^nd throughout most of it its bottuni, om 
sists of rock, from which it may safely be inferred tbat the direction uf 
its current and its cross-sectiou have remained unchanged during ten- 
tun'es. 

It will further be seen from the jihin and (-rosK-yectiiins made by the 
vcivintcnigcnl Ilnngiinan livdmnlic .■Hfrincer, Paul VasarlicSyi, between 
Iftrll' and IK.U. vsiiicii I ptLl>]isIicd. In -ctiii'r with a lecture entitlftl 
'■Ucl..Ta)cS<'hillbaiinarbnngdcrl.)nnan am Kiscnicii Timre undandeD 
sieben i-Visenbunken oberhalli Ursova."* in tlic " Zcif^cliiifr des 
reichischen ingenieur und Arcaitekti'n Vcrcinw,"t in Ni'. 10 i.i' l.s;: 
at a point 9^1.8.1 yards alxive Orsova the Diuinln.- Iiad a iimninal 
at the zero stage of 46J^ yards and a depib of ;ifi feet liJA inches 
center of its cbanuel. 

!Now, since Sir John Wawra, imperial and royal diiector in chief of 
the board of public works, who was sent to Orsova as a member of the 
international commission of experts to devise plans for the improve- 
ment of the Danube, took ils cross- section in 1S73 in the most caieful dlau- 
ner, which cross-section is ploited on Sheet 6, and found that the river, 
at a point 961.85 yards above Orsova, was iiiS^ yards wide and 38 feet 

Oji makJng the Danube nayieable at the Iron, (iate aiiA nl l\ie a> 
aba\-r- Orsnva. 
tJaaroAlof the Society o/Aiwtrian Engini 



at 

H^h 



ai iltclips iWci) ill tlie i 
theftppnixiniaU' iioiii.-ii 
bed of tlie river, its .fe| 

tons aru ImimiU'il liy n 
■UiiiiKe ill 



:«l I 



pmof is fiiniislied by 
■ms tluit at Orsdva the 
111' disvliaii;!' Iiuve re- 
ii'iii, .--jiii-i' its I'l'ihsa-sec- 
Mv rliiit rjty, nidi make 



All I 



■ tl< 



unal Au.-.tri!ni 
rocks wbieli em 
Iron (iatc, yet r 
if The river at i 
iiiMigMitii'aiil rill 

fiir.t of til." fall: 



liar, ill' 
1 4.IU I 



if the first jiriviite "Danube Steam Navigation 
-l>i-Ht. anil MiiliNpiiiietitly in 1SS5, the imperial 

ii'iit liiil I'eiiHivi'. Iiv liliiKtiriK, nonie projecting 

liaviL;MTi<iii :i<. ihi' liiui-f CK.I ul' the falls jlt the 

.iild iKir liinv !hi' li-a'.t iiilliii'iK'i' iiiiiiii tlie stages 



Ilii' 



lit iIh^ 



iivi;r, itiiil bec;iiise they 
< below that eity at Qi6 ^ 
ami whose ttiii'faee i^ 



III.- in 



(■il-<- 



111 ; 



lit I 



Willi 






w zmK strett'h eu- 
wiiLil.l li,. a.lowa- 
ii- i-liaiiycd at that 
iiif; the )jerioil from 
■II, the direction of 
inained iiiicLau^eit 



IS 
li^ht niiiio.^.sibilitv fur till' sl(i],c dl' tlir Daiiiibr rc> \,-. 
IMiiit. iiiicl it uari t'liei'i-fore (».- safi'lv asserted rliar. iltii 
JS41I to 1S70, ill whieh the saufie readiiiKs were tJik 
Ihe turrent, cioss- section, and slope of the Daiiiibe n 
4* Orsova. 
A iroriiiiarison of the talmlatert lea^liiifia of this gauge, taken dnring 
tbi- second half of the periwl of observation between 18oS and 1M75, and 
Ilif jiliit thereof, as presented on Sheet ■">. will show that the mean of the 
iiKhiitlily and annual as well as the ImkIi and low water stage Las de- 
rf(i!*e(l from «.18 feet to L* feet Ti ini'iies, and this jteneral decrease in the 
rolame of water, (, e., in the height of its «ater surface at Orsova, can 
W\y be accounted for by the fact that the discharge of the stream has 
diminished there. 

It iM notorious that, during the last decades, in several of the trilm- 
tei'iesofthe J>anul)e — as, forinstance, theTheisaanil tln'Savi- — tliL' floods 
Bimetinies rise higher than they formerly did,. 

y iiieri-ased, and that their Hoods are firqiu'titly i"iin'i-d into the 
gfeat bed of the Danube and pass Orsova simultaneoiu-ily with the water 
i&om other tributaries which are at a medium or low stage, yet the gauge 
I Kadings, taken during the second half of the period of observation, show 
lltat these acciimidated waters no longer reach the same height which 
' they formerly diil, and that the heights of the greatest floods are not as 
great as they formerly were by 1 foot 9.U5 inchea. The facts thus fur- 
Killed by the large masses of water, eollected together by nature itself 
ia the Danube at Ursova, certainly will furnish every one with clear and 
indisputable proof that the high floods which sometimes occur in sev- 
^ni of the tributaries do not compensate for the continued decrease in 
ibe discharge of the otbeis at their low and medium stages. 
' By comparing the readings of the six gauges on the Danube it will be 
a that at Stein, Vienna, and Orsova the decrease in the height of the 
later stages is greatest during the month of October; conse<jnently, a 
m cause throughout the whole valley must have operated to pro- 
Jie uniform efi'ect, and that cause must have been a decrease, « 

$11 also be seen by this compariaou t\ial ttife vfcgvta^w oS. 'C^*.^'^ 
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iibe is piirt'ally chiiD^cd in its course trom Ijiuz to <>i'so\'a, as the yivat- 
esl. (liac'liar^rfi »t Liiiz, Stein, and Vieiiua take |iIhi'« during tlie nioQtba 
of Jiinp, July, and Aiifru«t, t. e., during tlie jjeriod wlieu tlie snow on 
the Alps melts, and on tlie contrary at Orsova during tlie moutLsaf 
April and Ma,v, i. e., during the rainy season of sprina;. 

AltliougL the foref^'oiii^ pi-i>ol'. ('nnii.slicd l>,v flic decrease in tliedis- 
«liarg6 tln-oiigliotit tlie wholi' 1imi;;1I) oI' iln- tlniT iirincipal rivers of 
Central Enrope, i. e., tlio ]);i]i(ihi>. llliini'. mid IHlii-, nf tlie correctneM 
of my theory in reyard to llif di'i-ic;isi' in ilii' M.hiiiii'oJ' water in spriii([i 
and rivers would seem to sulliee, I liiivf , nevenht'h'MH. in i he iiite est irf 
Bcienw! iimt for the purpose of inciting the arraugeiin'nt and ]ndilic;ition 
of further observations pertinent to this suhjpct, and fin;illy, iit ordi>r to 
make the thorough Htiidy of this highly important hjdnuiliij (juestion 
by my fellow professionals and naturalists more easy, at the end of thii 
^^ati»e added a tabular lixhiMt compilefl from the gaujife readings col- 
■lected by me and Mr. Grebenau at 51 stations on 13 rivers. Theee 
readings were divided into periods, and fi-om these the annual mean 
height of tlie water stage, as well as of the high and low stages, were 
otlculated, and Anally from these asrartained the decrease in the read- 
ings during the second halt' of the period of observation, iu order that 
the latter at 8ej)arate stations and rivers could be more easily compared 
with each other. 

I take the liberty of giving the following explanation of the manner 
ill which the calculations for this exhibit were made. I not only calou- 
]at«d the monthly mean stages because a comparison of the latter shows 
not only the changes which took place in the regimen of the rivers, hot 
also clearly the faet that the decrease iu the lieight of their water sur- 
faces ctmld not be alone ex]>lained by a deepeinng of their beds. 

In this tabular exhibit of gauge readings I took the mean of the vari- 
ous high and low water stages which occurred iu each year, but evea 
these do not furnish so clear and instructive a picture of the i-elative 
discharge of a river during long periods as the plots of its lowest, medium, 
aud highest stages which I presented in my lirst treatise for the Rhine, 
Danube, Elbe, Vistula, and Oder, and in this on Sheets 2 and 4 for the 
Bhine at Emmerich and the Elbe at Dresden. By au examination of 
the annexed tabular exhibit and the calculati?d means of the gauge 
ireadings at 51 stations on 13 rivers, the following important conclusions 
jja^y ^ drawn, viz: 

1. Of the WO ditterences in the gauge readings which are given in the 
table, li9 show a deci'eaae and oidy 11 au increase iu the height of wat«r 
stages, and it can easily be pi-oven that the latter were caused either by 
the present increase in the height of flood stages or by a decrease in 
the cross-section of discharge or liy Che bottom of the bed of the sti-eam 
being covered with sand. 

2. The average annual decrease iu the height of the water surface, i. e,, 
sinking of the water surface, is not only different on different rivera, 
but also for the different stations on the same river, aud this is also the 
case with the low, medium, and high water stages, ami evidently result 
from a difference in the amount of the rainfall iu the different parts of 
the valleys. Not only the decrease in the water supply caused thereby, 
bnt also the deepeningof the river bed resulting from works of improve- 
ment at certain localities, and finally, also, the contlguration of tlie cross- 
section of discharge must have exerted a great influence in lowering the 
water surfaces. For this reason Grrebeuau's attempted calculations, baaed 

apon an equal mean in the decrease in the height of the water surfaces 
br all of the 14 rivers and 73 gauge stations d\»c\iaaei \)vi Vxm, ».% ■w%\i. 
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aa for the diliereiit stiiges thereof, are eiitirelv iiuiduiissiiile, sint'i^ only 
incorrect results can be ubtaiued from tiieiu. 
3. Since the closest examination of tlie plot of the gauge readings on 
the five rivers, Kliine, Daiiulw, Elbe, Vistula, and Oder, presented in my 
first, ae well as in this treatise, does not reveal that in the case of these 
rivers the immlwr of tlie years which are rich or jioor in water snppl.v 
is not tixed in duration, or that they change regularly, or tlnally that 
they retnru at fixed periods, it cannot be determined dnriug how many 
j^ars gauge readings must he tjiken in order to be able to calculate 
from tht-m n ttioi'oughly reliable mean, and conseijuently cannot be de- 
teruiini-d, either theoretically or by expeiience, how long it is absolutely 
necessary that the two perloda of observation which are to be compared 
ahonld \>e. But it is clear to all that the longer the periods of gauge 
readings are, the more coiTect and reliable will be the mean calculated 
fittm them, since the years which are either very rich or poor in water 
Bnpply, and which undoubtedly occur in the one or the other of these 
p^wls, have so much the less influence upon the calculated mean. 

In conjudcration of the foregoing, the calculated deei-ease in gauge 
readingsgi^c" '" the annexed exhibit mnst have a greater value thau 
roch aa were deduced from readings made during a shortfir period. 

It ia also clear from thia exhibit that the mean decrease in the height 
of the water derived from readings tiiken during a shorter period, and 
Aitttbe sinking ofthe water surfaces has become coimiderahly greater iu 
tfielast decades than formerly, which is explained by the fact that iu the 
last deca^lea there have been a greater amount of clearing, drainage of 
ixmds and marshes, and imi)rovement and irrigation of large tracts. 
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^V -4. From tlii! annexed tabular exliihit tlie foregoing sclieiliile is i 
^* tallied by considering ouly Ibe variations of tlie iiieau stages wliifdi : 
really the most noteworthy, at tlie ino»t iui]>ortant statiuiiH at nhlcli 
material vliaiiges have taken place in the bed of tbe stream, anil 
those that are deri^'ed from readings made during the longest periods. 

From the Bchedule it will be seen that tlie decrease in tlie gauge read- 
ings increases in diHerent rivers with the greater extent of their vallej*a; 
which seems to me to be another proof that the decrease In their dis- 
charge is due to a decrease in rainfall aiul the consequent decrease in 
the volume of water. 

lieply to B. — The supposition of some of my opponents that it cannot 
be ivliably (concluded from a deca-ease in t!ie gauge i-eadiuga on a river 
that its discharge has decreased is unfounded, as the following proo& 
■ will show: 

Mr. Grebenau, who was known as one of tbe most skillful hydraulic 
experts in the measuremeut of discbarge of rivers ami streams in (ier- 
many, while stationed at Germei'slieiiu in his former rank of inspector 
of public works, measuied the cross -section, the slope, and tbe velocity 
of the current of the Kbine thirty-eight times at six points ifear Nea- 
burg, Pfoi'z, and Oermersheim, and with all possible accuracy, and from 
these he calculated the quantity of water which the Hhine bad discharged 
during tbe perioil of twenty-eight years included, between 1840 and 
1867, which calculations I published iu my first ti-eatise of 187.'!. Fi-oin 
tliese ineasurements Mr. Grebenau calculated tbe mean discharge of the 
Ehine, during tbe iieriod fVom 1840 to 1S67, to have been 41,596 cubic 
feet per second, and that the reading of tbe gauge at Sonderheiin, cor- 
responding to tliis dischai'ge, should be + 3'3.30S5". Tbe arithmetical 
mean of all of the readings taken at this gauge diuing the above period 
was found to be + 3' 1", so that the difl'ereiice between tbe two amounted 
to only 2.3685". 

Mr. Grebenau, iu coinniunicating the result of these measiii-eiiienta to 
me in bis letter dated February 2, 1872, gives tbe following opinion, 
viz: 

" From this it follows that tbe mean stage of tbe ri\er nearly corre- 
sponds to the arithmetical mean of tbe gauge readings, and that tbe 
error would have been small if iu the beginning the discharge of tbe 
Bbiue had been deduced from this arithmetical mean. This is a new 
and not unimportant law, wliicb saves great and extensive calcuhitiona." 

Grebenau, in his ])amphlet ou the results of gauge readings on the 
Rhine and Mosel, published in 1874, on page 20 makes the following re- 
mark bearing upon this point : 

"Although tbe annual mean discbarge of the Kliine deduced from tbe 
mean stage is nearly in the same ratio as the mean of the gauge read- 
ings) yet it does not follow from tbe difference iu these mean stages, which 
was observed during the two periods, before and after 1840, that its dis- 
charge has decreased, since the difierence is solely the result of the im- 
provement of tbe river." 

That themeaudisehargeof other rivei's can be nearly accur-ately calcu- 
lated from the mean of tlio gauge readings is aiit>areut from the follow- 
ing results of measurements : 

Mr. Hariacher, jirofessor of the science of engineering at fbe German 
Polytechnical Academy, at l*i-ague, measmed with tbe greatest accu- 
racy the discharge of the Elbe at HeiTnskretscben, on the boundary 
)ine betwe<*n Bohemia and Saxony, at the same ciijss-section, and at its 
various stages, and ualrulat^'d from these the discharge during the 
twelve motitlis, t'lom July I, lM71,to the eiultrf .luiw,l&"'iTa\\AvAx\\«»\\!£'bL 
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during the period there were five floods (and among them the extraor- 
dinary one of May, 1872, caused by bursting of clouds), nevertheless, 
Mr. Harlacher found that the difference between the mean of the gauge 
readings and the height of the water surface due to the mean discharge 
of the river, during these twelve months, amounted to only 3.15 inches, 
and after a more accurate calculation to only 1.575 inches. (See "Beit- 
nige zur Hydrographie Bohmens,'' von A. E. Harlacher, Prag, 1872 and 
1875.*) 

It should here be remarked that in both cases calculated by Grebenau 
and Harlacher the mean of the gauge readings was smaller than the 
height of the stage corresponding to the mean discharge ; furthermore, 
that the difference amounted to nothing in months during which only 
moderately high waters occurred, a« will be seen from Harlacher's cal- 
culations, and on the contrary in months during which very high watere 
occurred the dift'erence becomes somewhat greater, but yet on an aver- 
age, during long periods, it will be found very s^mall. 

Xow, as it may be assumed that the conditions just mentioned existed 
in the other streams during the various periods of gauge readings, and 
in further consideration of the fact that the height of the water stage 
corresponding to the mean discharge can only be determined by very 
difficult and extensive hydraulic measurements and calculations, in 
which considerable mistakes may easily be made, every experienced hj^- 
dranlic engineer will agree with me that in such stretches of streams, 
in which the cross-section and the slope have remained unchanged, it may 
be concluded with complete justification and reliability, from a decrease 
in the mean of gauge readings taken during a long i)eriod, that their 
discharge has decreased. 

Reply to C. — The sui^position exx)ressed by some of my opponents — that 
the discharge of rivers and streams has probably not decreased but that 
only their regimen has changed, since although at present that discharge 
at low and medium stages is smaller, yet it is verj- much greater at liigh 
stages, and that therefore the decrease in the former cases may be com- 
pensated by increase in the latter cases — is plainly incorrect, since on 
several rivers and at many gauge stations thereon the reatlings of high 
stages have decreased during the second period of observation. This 
lias taken place on the Ehine at Basle, Worms, Bingen, and Cologne; on 
the Danube at Stein and Orsova; on the Vistula at Cracow; and on the 
Oder at Kiistin. The supposition is further iucreaseil because in calcu- 
lating: the annual arithmetical mean of the gauge readings, the high- 
water stages are included, and because the monthly and annual mean 
of high-water stages have been found to decrease at almost all of the 
51 stations on 13 rivers, which are compared in the tabular exhibit, and 
finally, because, if only a change in the regimen had taken place, the dis- 
L*harge during some months should decrease, and in the other months in- 
crease, a circumstance which has not taken place on any of the streams 
which are mentioned, except at a few gauge stations. 

In my description of the circumstances attending the discharge of the 
Khine at Emmerich and the Danube at Old Orsova I have already given 
the most striking proof that the decrease in low and medium stages is 
not comi>ensated by that of the high stages which occasionally occur. 

Reply to J). — The assertion made by Mr. Sasse, member of the board 
Df public works, iu his treatise upon the relations of the Elbe at Torgau, t 

*Coiitrilnitioiis to the hydrography of Bohcuua, V)\ k. B.,\\.«cc\«i«\^ftT,V\vs.^5>\*ft,X!^^ 

fZeifscbrift fliv Banwesen vou Erbkara. JaV,iaii«^, \^\. 3o\vctw«\^^ K^^£^xx^^^^«»> 
'Erbknw, 11-74, »* o o> ^ 
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that no reliable cotic-iiiHions can be reached that the discharge of streams 
• has decreased imtil gauge readiugs have becu taken during a period ot 
at least 200 yeara eonld ouly be ti'ue if it were established that the years 
which are either very rich or very jioor in wat-er supply alternate and 
return at long intervals of about 40 or 60 years, lor then it would be 
necessary at any rate to take at least two periods rich and two periods 
poor in water supply in order to obtain a reliable mean. But siuce it is 
apparent from tlie plotted gauge readings, in this as well as in my flrat 
treatise, of five rivers, during periods of from 60 to 142 years, that the 
periods rich or poor in water suiiply do not hiibitually last longer than 
from three to five years and that they do not recur in regular order, 
and since the further assumption of Mr. Sasse that the discharge m 
streams during years rich is frequently three times as great as that dur 
ing years poor in water supply is tnie only of the smallest number oC 
streams and only very seldom, of which my plotted gauge reatlinga will 
convince any one, his assertion that lu onler to reach a i-eliable conclu- 
sion as to the decrease in the discharge of rivers gauge readings must 
1)6 taken during a period of at least 2U() years appears unfounded, stncfi 
from my plotted gauge readings it appears that we can — if we take these 
during periods of from 40 to (iO years, divide them into two i>eriods, cal- 
culate the mean of each of these, and then compare these means — infer 
from an increase or decrease in these that the discharge has become 
greater or less. 

I should i-eraark, however, that if iu any year in either of the half 
periods of observation a flood, produced by extraordinary action of the 
elements, should occur, as liappens rarely during 100 years, it woiUd cer- 
tainly seem advisable in order to obtain a correct moan of tlie gauge 
readings to exclude such an abnormal year and sub.stitute for it the year 
_ 4>f the other half period which was richest in water sujiply, I did not, 
Kiowever, deem it necessary to make the correction Just referred to in 
W- BJy exhibit and plot of the gauge readings. 

Seply to E, — The opinion of some of my opponents that a decrease in 
the discharge can. only be reliably established by making direct meas- 
urements of it on rivers and streams from time to time during long 
periods, seems at tirst to be evident, but if we calmly consider the whole 
proceeding and the manner in which such measurements and calculi^ 
tions must be made, the suritrising result will be reached that to estab- 
lish the decrease in dischaige by direct measurements is ([uite impiacti- 
cable and almost impossible, as I now propose to show. 

Pirst of all, every hydraulic engineer will agree with me that it is an 
utter impossibility to make during 30 or 40 years uninterrupted ineaa- 
ures of discharge, and at the varying stages at such stretches of streams 
in which the current, the cross-section, or the slope are constantly 
changing, and then by comparing the volumes of discharge of the two 
periods to determine whether an increase or decrease has taken place. 
In this matter evei'y experienced hydraulic engineer will agree with me 
that the discharge can only be mesisured on those stretches of the stream 
in which the current, woss-section, and slope have remained unchanged 
during 30 or 40 years, as I have shown to be the case on the Ithine at 
Ba*ile and on the Danube at Old Orsova. 

Uow, if we assume that, iu order to decide the question whether the 
discharge of a stream has increased or diminished, a hydraidic engineer 
is iatrusted with measuring it on an unchanging stretch of it during a 
period of 30 years, and assuming also, for the sake of simplicity, that in 
iA/s stretch only those staples occur — that is, the lowest ft, the medium 
■^', a,u(] the high /i' — and that he has iu^tUe fitftlyeav: exev\vXfti\\\*\i\M!i., 
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and has found bya<;curate measurements that at the selected cross-section 
of the stream the discharge per second at the stage /i was M, at the stage 
A* was M^, and at the stage ¥ was M^. 

Now, if the engineer, after 5, lU, 20, or 30 years have elapsed, makes 
similar accurate measurements of discharge at the same cross-section at 
the same three different stages, it is evident that, if the current, cross- 
section, and slope of the stream have remained entirely unchanged, he 
will find exactly the same quantities of discharge, M, M^, and M*, and 
it will be impossible, in spite of these measurements, after a lapse of 30 
years, to determine whether there has been an increase or deci*ease in 
the volume of discharge, since the gross amount of the latter depends 
npon the duration of the low, meilium, and high water stages. 

What has just been said concerning the three stages of the water is 
also true of all the variable stages of a stream during the whole period 
of observation, and therefore my assertion that the volume of discharge 
of a stream cannot be determined by measurements at an invariable 
cross-section, when the discharge will during the whole period of obser- 
vation be the same for the same stage of water, but only from the cal- 
culated mean of the gauge readings whether the volume of discharge 
has increased or decreased, seems well founded. 

If it is desired, however, to calculate and compare with eacli other the 
gross volume of discharge which takes place during two i)eriods of 
about fifteen or twenty years each, the following method, already 
adopted by Mr. Grebenau in calculating the gross volume of discharge 
of the Rhine at Sondemheim from 1840 to 1867, and by Mr. Sasse, 
member of the board of public works in his calculation of the gross 
volume of discharge of the Elbe at Torgan ♦ from 1831 to 1850, must be 
pursued. 

First of all the curve must be constructed based upon accurate meas- 
urements at various stages, and at a constant cross-section, from which 
the discharge at any sta^ge can readily be obtained for a second of time. 
Then from the table of gauge readings the exact number of days of the 
period during which each stage lasted, and then multiplying the dis- 
charge M M1M2, &c., per second at each stage by 60" x 60' x 24= 
86,4(M) seconds, and this product by the number of days of each half 
|)eriod of fifteen or twentj^ years, during which the stage lasted, and add- 
ing together all of these sums for each of the two periods, we can learn 
from the resulting gross amounts whether in the second half of the pe- 
riod of observation the discharge has decreased. 

Now every experienced hydraulic engineer must agree with me that 
it is very difiicult to measure the discharge of a large stream at the dif- 
ferent and especially at the high stages, also to obtain the conect curve 
from these, and also to make the weary, time -robbing, and tiresome col- 
lection of the same stages from the tables of gauge readings taken dur- 
ing a long period, and to make the unavoidable rounding off of those 
that are nearly alike to get them into designated groups, and finally to 
perform the similar time-consuming multiplication and addition of colos- 
sal sums, in consequence of which a very busy engineer must intrust 
the labor to an assistant, and that mistakes are very easily made which 
may be greater than the actual difference between the gross amounts of 
dischai'ge of the two half periods of observation, and actually reverse 
the result, and that on the contrarv the calculation of the annual mean 
wage of the river, as well as the mean of the gauge re.adiiv^^ takfew^»x- 
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ing ii long [jerioil of tiuie, can be raadeeasilj and witlioiiter 
tableK of gauge readingis. 

Under these circuni8tance« bydraiilic eugiueers will probably i 
acknowledge tbnt the result of Grebeiiau's experience in the meaa 
mcnts and calculations of discharge ho niimerously made by Mm, 4 
the arithmetical mean for a long period, ciilculated from the tabid 
gauge readings, is nearly identical with that stage of the river n 
corresponds to the mean of the discharge obtained from measttritii 
volume of discharge daring that i>eriod, is highly imiiortant, and I 
therefore easier and more reliable to oYitain the mean stage of a river 4 
ing a long period ft-om the tables of the gauge readings taken drd' 
that period. 

Xow I will mention anotber simple methwlbj which, without then 
difSenlt and time-consuming measurements of discbarge, even a I 
pmfessioual can calculate tbe amount of decrease in the dischargel 
stream during a certain period. It must be here remarked that ^ 
such stretches and such gauge st^vtions, where the current, cross-sec 
and slope of the stream have remained imcbauged during the whol 
riod of observation, are suitable for reliable calculations of the at 
decrease in discharge, and I will therefore, to illustrate my method 
examples, take the statious on the Uhiue at Basle and oii tbe D»e3 
at Orsova, both of which are fully siuted thereto. 

According to the comparisou of tbe gauge readings in the a 
tabular exhibit in No. 1, the annual mean stage of the Ithine at BJ| 
decreased on an average during the second half of the period of on 
ration from 1809 to 18(i8 (that is, from 1839 to 1868} at the rate of ■ 
inch i>er annum; that is, an upper layer of water .114 inch tbick'M 
discharged less each year. Mr. Grebeuau, it is true, did not givv 
mean of the annual stage from 1839 to ISfiS, but it will probably oeJ 
nearly the same as that tor the period from 1840 to 1872 given in Tf 
its 5.8495 feet, or 5 feet 10.194 inches above zero. If now tbe meaiD 
face velocity for this stage is obtained, which can easily be doT 
throwing a number of floats into the stream at equal distances ) 
we can, by multiplying the breadth of the stream by the mean bi 
velocity and the product by the established sinking in the height ( 
water surface, i. e., .114 inch, obtain the volume of water per secot 
which the discharge of the Khine at Basle is decreased. All tJi*; 
necessary in order to make the calculations for this case can be obtK 
from the "Internationalen Rheinstrom-Messung bei Basel im Sm 
ber 1S«7."* It will be found from this scieutitic and very thon 
work that at the stage 5' 10.194" above the zero of the watier at ¥ 
the width of the water surface is 728.31762', and the mean velocity d 
water on tbe surface of the stream is 7.4144', so that the decrease ia 
volume of discharge will be 72S.317ti2'x 7.4144' .00352=40.7971 i 
feet per second, and by further multipbcation will amount to l,475,7ffl 
cubic feet per annum. ^ 

Now, as the area of the whole valley of the Rhine above Basle w| 
In the Swiss charts at 35,iKKJ,900,000 square meters =386,468,(Mf 
square feetl the foregoing decrease iii the discharge of the Rhiueii 

1 475 794 5 
indicate a decrease in the depth of tlie rainfall of .,^1. tJ aaPp 

.0038'= ,045G" i>er annum. 

Now, if we base our calculations upon the decrease in the lieig| 



latlonal aieaaurementaottbe Khine at B»slein No 
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plater-stages during the period of 16 years from 1857 to 1872, which, 

under the head of No. 2 in the tabular exhibit, is shown to be .77556"= 

0646.T, and take the corresponding dimensions from the work above 

sited, /. e*., the stage at 5.3344', the width at 659', and the mean velocity at 

^.56^, the decre^ise of the water during the period will be found to be 

foO' X 6.56' X .06463'=279.5703 cubic feet per second and 8,816,528,981 

bnbic feet per annum. The amount of decrease in the depth of rainfall 

8 816 528 981 
per annum would therefore be ^^!. .J. jj^l ...w. =. 0228' =.2736". 

It will be shown hereafter how nearly these calculated results agree 
irith the meteorological observations. 

During the second half of the period of 3Q j^ears, i. c, from 1858 to 
1875, the mean stage of the Danube at Old Orsova was 8.211(5' and the 
nverage decrease of the latter .0748', as will be seen at No. 34 of the 
l;abular exhibit. 

According to the cross-section of the Danube at Old Orsova, taken in 
1873 by Sir Wawra, chief of the board of public works, and shown on 
Sheet 6, the width of the stream when at this stage was 1,549', and the 
inean surface velocity, taken, however, at a stage only 3.28071' above 
zero, was 2,687'. 

It is universallv known that the mean surface velocity of a stream 
increases with its height, and hence I ascertained by actual measure- 
VDents of the velocity of the Danube at difterent stages between Ofen 
«nd Pesth, and at a similar cross-section at the foot of Block's hill, that 
^hen the water rises 4.92' then the mean velocity of Jbhe surface cur- 
TOnt is increased about 1.148'. It can theiefore be assumed api)roxi- 
mately that when the Danube at Old Orsova is at its 8.2116' stage its 
mean surface velocity will be 2.687' -f 1.148'=3.835'. 

The decrease in the discharge for an annual diminutioa of .0748' in 
Ihe height of the stage would therefore be 1.549' x 3.835' x .0748'= 
43.2189 cubic feet per second, and consequently 1,362,951,220 cubic feet 
per annum. 

The whole valley of the Danube has an area of 14,420 geographical 
«quare miles, of which the portion below Orsova contains 4,100. The 
portion above this place then contains 10,320 geographical square miles 
=6,093,561,254,602 square feet. The decrease in rainfall is therefore 

found to be ^If^^^fJ^lf^^^^^ there- 

6,093,^)61,254,602 

fore during the whole period of 18 years, .0486 inch. It is no doubt self- 
-evident that this decrease in rainfall was greatest in the mountainous 
legions and on the contrarj'^ less on the plains. 

Reply to F. — In order to remove the doubts and exceptions in regard 
to the correctness of the assertion made by me that the rainfall has 
leen decreased by the destruction and devastation of extensive forests, 
1 believe it to be necessary, in the first place, to call attention to the 
■opinions and treatises on this subject by distinguished experts and natu- 
ralists given in detail in Chapter I, and then to communicate the follow- 
ing exi)lanations and results of my observations. 

It is quite natural that the meteorological observations made in En- 
gland, Scotland, and at Paris, St. Petersburg, and Copenhagen, during 
about 100 to 190 years, did not indicate any decrease in the volume of 
the annual rainfall, since these countries and cities are situated in the 
vicinity of the sea, and receive the rain clouds, ^o lo ^^^U!C«..^Hxws\. 'ks^ 
bands. JSveu if it shonkl appear from the meleoYo\o^'cs5\ ^^^^in^jCCvs^q:^ 
Jt the principal cities of the continent tliat at tVitisek \io ^^^TCszkafc^'i^wjK^ 
«// had taken place^ this can l>e explamed \>y t\i^ ^«^^ ^^^ ^\vc«vi, ^^ ^ 
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last tlei'adi'.s lui yiidi esteiisive cleariiifrs jis would fauae a dccrfase in 
tlie volume of raiuMl Lave taken plat-e in their vicioitieM. 

I can (nve only two iustaaces to prove tliat there has been a decrease 
in rainfall in those regions, and especially those of a molmtainun8cha^ ' 
acter, in which large clearings were made, because, unfortunately, in 
former times no meteorological stations existed in these localities. f 

Mr. Adam Seidel, chief forester at Bodeubach,in theErz* Mountains 
of Bohemia, made precise meteorological observationa uninterrnptedly 
during the perioil from 1828 to 1873, the results from which were revised 
and published by the Imperial Royal Central Bureau of Meteorology. 
If the observationB of 1828 and 1850, which were incompletely made, are , 
elimiijated, and then divide the remainder of the time into two eqnaj 
'iods of 22 years each, and calculate tlieir aritlimetical mean^i, the fol- 
iiig results will be obtained, viz : 



teltoroltglail alst'ri'ulioiii lnj Clik/ Farenler Adam Sdiltl, at IJiideiilwch ; aiianij^d by 
Stanitlauii KotlHio^. 
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These resnlts substantiated the fact that in the mouutainons regions 
at Bodenbacli a decrease in the pressure of the ^'apor, relati\'e damp- 
ness of the air, the number of days of rain, and the depth of rainfall 
hafi taken place in the latter period of 22 years. 

The annual decrease in the depth of rainfall amounted to Jeff's = 0.057 
inch. 

Mr. Plantamour, the director of the meteorological observatory at 
Geneva, also has shown that a decrease of rainfall has taken place in 
the Alps. He found, namely, in the latter i)eriod of 14 years, from 1861 
to 1874, in comparison with the preceding jieriod of 20 ypars, on the St. 
Bernard, at a height of 8,116.5 feet, an increase of temj)erature of 0,72° 
F., a decrease in rainfall of .008 inch, and in snowfall of about one- 
half, i. e,, from 32.8 to 15.93 feet. For Geneva a comparison of the lost 
11 years with the preceding period of 35 years shows an increase in 
temperature of 1,134° F., and a decrease in the rainfall of 3.3 inches, 
and therefore an annual decrease of f^ = .3 inch. These changes, ac- 
cording to the opinion of Plantamour, are due to the contraction or 
decrease in the sine of the glaciers which has been observed during the 
last 13 years. 

Now, as we found in the preceding paragraph, in my reply to E, fi'om 
the decrease in the height of water stages, that there was an average 
annual decrease in the depth of rainfall in the valley uf the Rhine above 
Basle during the period fttim 1839 to 18(>8 of .0456" and during the 
period of 16 years from 1857 to 1872 of .2736", the similarity of these 
, result's, obtained fioiu an entirely different source, to the decrease of 
Tainfall in the monntainous regions at Bodenbach and Geneva is sur- 
prising. I 

^~ ■* ^ ■ 
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Several countries in Europe have, iiiifortnnately however, only since 
the la«t few years established meteorological stations in the forest and 
mountain regions, and after the lai)se of several decades it is highly 
probable that they will show the same decrease in rainfall as at Boden- 
bach and Geneva. 

CONCLUSION. 

As I now believe that I may assume that my theory in regard to the 
decrease of water in springs and rivers, announced in 1873, has been 
established as a fixed fact by my discussion, and then by the tabular 
exhibit of observations at 56 stations on 13 rivers, and finally by the 
abundant opinions and thorough treatises of naturalists and experts 
given by me, 1 take the liberty of making the most earnest request of 
iny readers and colleagues that each may labor in his own sphere, 
80 that the higher governnients, authorities, corporations, land-owners, 
and communities may finally be convinced of the numberless disad- 
vantages and dangers our present cultivated countries are approach- 
ing, if a limit is not sec to the further devastation and destruc- 
tion of forests, and that it is imi)eratively nexjessary to carry out, as 
rai)idly as possible, the precautions and measures recommended in my 
treatise of 1873, and which have been also warmly api)roved by other 
authorities, and thus prevent, as far as it yet lies in man's field of labor, 
the calamity of a still further decrease of the water in springs and 
rivers which threatens future generations. 

Finally, I take the liberty of saying to my esteemed readers that 1 
am ready to furnish cheerfully all the data and results which I have 
collected, and all tlie books and pamphletij which have been i)ublished 
bearing upon this subject, for the examination and use of all such gen- 
tlemen who intend to still more thoroughly investigate this hydraulic 
question. 



[Note by the translator.] 

In making the foregoing translation, I have attempted to make it as 
hteral as possible, and yet make it fairly intelligible English reading. 

I have used the word ^' rainfall '^ to indicate that term of the author 
which literally translated would be "aqueous atmospheric precipita- 
tions," and which includes rain, snow, hail, dew, &c. 

I have also changed all the metric measures and centrigrades into 
American measures and degrees of Fahrenheit. 

G. WEITZEL, 
Major of Engineers^ 
Brevet Major- General j U. S. A. 
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